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SUMMARY  OF  FINDINGS 

This  report  presents  the  results  of  a  study  of  Corps  of  Engineers 
involvement  in  nonstructural  flood  control  alternatives.  The  study 
was  conducted  during  1978  by  the  St.  Paul  District.  It  concentrates 
on  flood  proofing  and  floodplain  evacuation,  the  two  alternatives 
implementable  by  the  Corps  that  are  capable  of  reducing  existing 
flood  damages.  It  notes  that  the  Corps  has  recommended  and  under¬ 
taken  very  few  nonstructural  projects  to  date.  Prospects  for  future 
involvement  are  poor  without  changes  in  policy  and  procedures.  Five 
major  conclusions  are  drawn  and  recommendations  made  to  effect  such 
changes. 

CONCLUSION  1:  Many  benefits  of  flood  damage  reduction  projects  are 
not  included  in  benefit-cost  ratios. 

RECOMMENDATION  1 :  Broaden  the.  principle  of  excluding  certain  finan¬ 
cial  costs  associated  with  unquantifiable  benefit*  from  the  benefit¬ 
ed  t  ratio. 

CONCLUSION  2;  The  optimum  time  to  acquire  property  in  flood  prone 
areas  is  immediately  after  a  damaging  flood. 

RECOMMENDATION  2:  Seek  continuing  legislative  authority  fori  employ¬ 
ing  nonstructural  measures  Immediately  aften  flood  emergencies. 

CONCLUSION  3:  It  is  nearly  impossible  to  consider  and  determine  the 
fate  of  individual  structures  in  the  planning  stage  of  a  nonstructural 
project  which  combines  evacuation  and  flood  proofing. 

RECOMMENDATION  3:  Simplify  plan  formulation  criteria  by  planning  fori 
total  acquisition  of  the  design  floodplain  followed  by  Individual  dis¬ 
position  of  each  acquired  property  on  the  basis  of  technical  and 
economic  considerations. 

CONCLUSION  4:  Most  planning  for  nonstructural  projects  assumes 
abandonment  of  floodplains  as  major  economic  resources. 

RECOMMENDATION  4:  Seek  legislative  authority  to  plan  for ,  encourage, 
or  bring  about  the  optimum  compatible  use  of  project  floodplains . 

CONCLUSION  5:  A  significant  lack  of  knowledge  exists  among  water 
resource  planners  and  the  general  public  regarding  the  characteris¬ 
tics  of  nonstructural  alternatives,  especially  flood  proofing  and 
floodplain  evacuation. 

RECOMMENDATION  5.‘  Educate  those  within  and  outside  the  Corps  as  to 
the  characteristics  of  nonstructural  alternatives  and  their  limita¬ 
tions  compared  to  structural  alternatives. 
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PREFACE 


"Non6tAM.ctuA.al  alteAnatives  [to  Aedu.ce  ilood  damage )  aae 
ofiten  moAe  co6t  elective  and  less  enviAonmentally  damaging 
than  stAuctuAal  measuAes.  Theae^oAe,  theAe  i6  a  need  to 
emphasize  nonStAuctuAal  meaSuACS ,  inducting  Zand  acquisition, 
within  existing  F edenal  p/togAumi  wfieAe  consistent  with 
pnimaAJj  pAogAam  puAposes.  To  accomplsih  this  objective 
.  .  .  A Amy  is  to  use  the  genenal  wateA  AesouAces  authoAi- 
ties  oi  the  CoAps  o£  Engineess." 


President  Jimmy  Carter,  12  July  1978,  memorandum  to  the  Secretaries 
of  the  Army,  Cotaserce,  Housing  and  Urban  Development,  and  the  Interior. 


"AlteAnatives ,  especially  nonstAuctuAal  oa  small-scale  solu¬ 
tions  to  specific  pnoblms  such  as  floods,  should  always  be 
investigated  as  substitutes  ioA  expensive  and  damaging 
pAojects  which  o£ten  do  not  pAovide  elective  solutions 
anyway." 


President  Jimmy  Carter,  18  April  1977,  statement  announcing  his 
decisions  on  32  Federal  water  resource  development  projects. 


"We  now  look  at  nonstnuciuAal  options  as  the  most  desixable 
solution  to  d°°d  pAoblems  since  they  aAe  usually  least  dis- 
Auptive  to  the  natuAal  enviAoment." 


Lt.  General  John  W.  Morris,  budgetary  testimony  before  the  House 
and  Senate  Subcommittees  on  Public  Works  of  the  Committees  on  Appro¬ 
priations,  9  February  and  8  March  1977,  respectively. 


These  statements  notwithstanding,  as  of  January  1979,  no  projects 
using  primarily  nonstructural  measures  to  reduce  current  levels  of 
flood  damages  have  been  implemented  by  the  Corps  of  Engineers.  It  is 
possible  that  one  project  will  begin  implementation  this  year  in  Wis¬ 
consin  with  a  second  possible  in  Texas  beginning  in  1980.  Three 
others,  two  in  Michigan  and  one  in  Georgia,  have  more  remote  chances 
for  eventual  implementation.  No  other  such  projects  are  on  the  horizon, 
nor  do  they  seem  likely. 
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INTRODUCTION 

For  decades,  the  Corps  of  Engineers  has  been  involved  in 
structural  measures  (dams,  levees,  and  channel  modifications)  to 
control  flooding.  It  has  spent  billions  of  dollars  to  construct  large 
and  small  flood  control  projects  in  all  areas  of  the  Nation.  The 
projects  built  have  prevented  flood  damages  many  times  greater  than 
their  costs. 

At  the  same  time,  the  total  dollar  value  of  flood  damages  suffered 
annually  has  been  rising.  This  rise  has  resulted  in  part  from  the  in¬ 
flationary  changes  in  dollar  values  and  the  gross  increase  in  capital 
improvements  over  the  years  as  the  population  and  economy  have  grown. 

Many  believe  the  increase  in  damages  is  also  caused  by  increased 
investment  in  flood  prone  areas  by  developers  and  investors  who  be¬ 
lieve  that  such  areas  have  been  made  safe  by  existing  projects  or 
would  be  made  safe  by  future  Federal  flood  control  projects.  Regard¬ 
less  of  the  merits  of  this  reasoning,  flood  damages  are  greater  than 
they  would  have  been  if  people  had  not  developed  areas  which  could  have 
been  shown  by  engineering  studies  to  be  flood  prone. 

Recognition  of  this  fact  has  stimulated  suggestions  that  alterna¬ 
tives  to  flood  control  measures  for  reducing  flood  damages  exist. 

These  alternatives  would  guide  human  behavior  into  desired  paths  to 
reduce  damages,  unlike  flood  control  measures  which  direct  floodwaters 
into  desired  paths.  The  Corps  has  termed  these  alternatives 
"nonstructural. "  They  include  floodplain  evacuation  (temporary  or 
permanent),  flood  proofing,  floodplain  zoning,  and  flood  warning  systems 

Nonstructural  alternatives  have  been  available  to  Federal  agencies 
since  1938.  The  Flood  Control  Act  of  that  year  authorized  Federal  pur¬ 
chase  of  flood  prone  properties  and  the  permanent  removal  of  development 
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from  the  floodplain  if  purchase  and  removal  would  be  less  expensive 
than  a  flood  control  project  and  both  options  were  economically 
feasible.  In  the  years  since,  discussion  and  attention  have  focused 
increasingly  on  nonstructural  alternatives;  however,  greater  em¬ 
phasis  has  continued  to  be  placed  on  structural  measures. 

The  1960's  and  early  1970' s  brought  a  period  of  increased 
environmental  awareness  and  recognition  of  the  environmental  problems 
which  could  be  caused  by  the  construction  of  major  engineering  flood 
control  works.  This  awareness  and  recognition  added  perceived  environ¬ 
mental  benefits  to  the  attractiveness  of  nonstructural  alternatives. 

1'uring  this  period,  several  Corps  projects  which  incorporated  significant 
nonstructural  concepts  were  planned;  some  were  implemented. ^  In 
1969  at  Prairie  du  Chien,  Wisconsin,  the  Corps  proposed  to  acquire 
floodplain  properties  and  permanently  remove  the  developments  from 
the  floodplain.  A  similar  project  was  later  planned  for  Baytown, 

Texas.  Along  the  upper  Charles  River  in  Massachusetts,  wetland  acqui¬ 
sition  is  planned  to  preserve  natural  flood  storage  areas  from  future 
development  which  would  worsen  flood  conditions.  In  Littleton, 

Colorado,  an  authorized  structural  project  was  modified  to  allow 
floodplain  land  acquisition  and  the  creation  of  a  greenbelt  to  reduce 
the  amount  of  structural  flood  control  work  needed. 

In  1972,  a  climactic  event  occurred  with  the  potential  to  shape 
flood  damage  reduction  policies  for  future  decades,  just  as  the  Missis¬ 
sippi  River  flood  of  1927  had  done.  Hurricane  Agnes  devastated  large 
areas  in  the  eastern  part  of  the  country,  causing  major  floods  and 
flood  damages  in  areas,  some  of  which  had  previously  experienced 
repeated  floods.  Many  of  these  areas  were  protected  by  structural 
works  which  were  overtopped  or  otherwise  proved  inadequate. 

(1)  After  a  devastating  flood  in  1964,  the  Corps  participated  in  a 
floodplain  evacuation  project  in  Klamath,  California.  Under  accelerated, 
planning  and  design,  a  flood-free  site  was  constructed  for  this  small 
community  after  the  flood  had  essentially  destroyed  the  existing  settle¬ 
ment.  The  new  site  and  the  project  were  technically  a  success,  but,  during 
the  time  required  for  building  a  new  site,  many  of  the  original  inhabitants 
were  forced  to  move  elsewhere  for  want  of  a  place  to  live  in  the  interim. 
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Partly  in  response  to  the  damages  caused  by  Hurricane  Agnes  and  the 
great  Federal  expense  incurred  in  disaster  cleanup  and  assistance. 
Congress  strengthened  the  flood  insurance  program.  It  introduced 
provisions  which  made  it  essentially  mandatory  for  the  Nation's  flood 
prone  communities  to  zone  their  floodplains  according  to  standards 
and  policies  established  at  the  Federal  level. 

For  the  Corps  of  Engineers,  this  policy  was  followed  by  the 
Water  Resources  Development  Act  of  1974  which  authorized  several  of 
the  above-mentioned  projects  for  construction  and  specifically  noted 
that  Federal  agencies  had  the  authority  to  acquire  floodplain  lands 
for  flood  damage  reduction  and  other  purposes.  Later  presidential 
orders  and  policy  statements  have  been  followed  by  or  have  stimulated 
the  writing  of  Corps  regulations  which  have  increased  the  emphasis 
placed  on  nonstructural  alternatives.  Thus,  for  many,  nonstructural 
alternatives  appeared  to  be  the  wave  of  the  future.  Particularly  to 
those  strongly  motivated  by  concern  for  the  potential  environmental 
damage  caused  by  structural  flood  control  works,  substituting  nonstruc¬ 
tural  alternatives  for  structural  measures  appears  to  be  an  environmental 
panacea  in  the  area  of  flood  damage  reduction.  However,  as  with  most 
ideas  that  are  seized  as  the  one  solution  to  a  problem,  it  has  become 
apparent  that  nonstructural,  as  well  as  structural,  alternatives  have 
many  drawbacks. 

The  greatest  inherent  difficulty  with  nonstructural  alternatives 
is  that  they  involve  altering  human  behavior,  which  is  more  complex  and 
more  difficult  to  predict  and  control  than  the  behavior  of  the  natural 
world.  Further,  in  a  nation  generally  founded  on  the  principle  of 
minimal  government  interference  with  individual  behavior,  resistance 
to  attempts  at  controlling  private  actions  within  floodplains  has 
predictably  been  encountered.  The  widespread  delaying  tactics  against 
introducing  floodplain  zoning  laws,  the  evasion  of  ordinances  where 
they  have  been  introduced,  and  the  weakening  of  the  mandatory  provisions 
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of  tho  flood  insurance  program  indicate  the  strength  of  the  opposition, 
in  contrast  to  structural  measures,  which  may  be  opposed  by  organized 
interests  often  not  located  in  or  near  the  benefited  area,  nonstructural 
measures  are  often  opposed  by  the  residents  of  floodplains  who  would 
benefit  most  from  such  programs. 


Apart  from  this  larger  problem 
of  Engineers  is  the  need  to  demonr 
projects  through  the  benefit-cost 
projects  around  the  Nation,  only 
have  benefit-cost  ratios  greater 
criteria  insure  that  the  small  m 
tural  projects  is  not  likely  to  in,. 


,  a  critical  problem  for  the  Corps 
cate  economic  feasibility  for  all 
ttio.  Despite  analyses  of  many 
•ry  few  nonstructural  alternatives 
t  unity.  Current  project  evaluation 
>f  economically  feasible  nonstruc- 
rease  significantly. 


These  and  other  problems  associated  with  the  planning  and  imple¬ 
mentation  of  nonstructural  alternatives  are  discussed  in  later  sections 
of  this  report.  Most  of  the  problems  became  important  to  the  ft.  Paul 
District  in  its  effort  to  develop  and  implement  the  authorized  flood- 
plain  evacuation  project  at  Prairie  du  Chien.  This  project,  so  far  the 
only  one  of  its  kind  to  follow  more  or  less  conventional  Corps  project 
planning,  authorization,  and  implementation  routes,  has  been  noted  is  a 
model  of  Corps  involvement  and  commitment  to  nonstructural  alternatives 
almost  since  it  was  proposed  in  1969,  The  flooding  problems  of  this 
community  cause  sufficiently  high  damages  to  give  the  project  marginal 
economic  feasibility.  The  nature  and  physical  location  of  Prairie  du 
Chien  make  the  evacuation  project  particularly  advantageous  and  accept¬ 
able  to  the  city.  North  Central  Division  and  various  Washington  level 
offices  of  the  Corps  substantially  assisted  in  the  development  of  this 
project.  Despite  these  factors  in  its  favor,  it  was  against  strong 
odds  that  St.  Paul  District  was  able  to  bring  this  project  to  the 
implementation  stage  in  1978. 


During  preconstruction  planning  for  the  Prairie  du  Chien  project, 

St.  Paul  District  received  telephone  calls  from  other  District  and 
Division  offices  asking  for  our  experience  with  nonstructura1  alternatives 
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and  the  problems  we  encountered  in  implementing  them.  These  calls 
provided  evidence  that  such  problems  are  major  concerns  of  Corps 
planners  nationwide  in  their  efforts  to  produce  implementable  projects 
with  major  nonst ructural  features.  The  intent  of  Congress,  the  President 
and  policy  make rs  in  the  water  resources  field  to  increase  the  Federal 
emphasis  on  nons t ruct ural  alternatives  appears  to  have  created  a 
dilemma.  This  dilemma  has  developed  because  existing  procedures  and 
regulations  inhibit  our  implementation  of  meaningful  nonstructural 
projects  (projects  which  reduce  existing  flood  damages  significantly 
and  genuinely  satisfy  local  desires). 

Procedures  that  require  decades  to  move  from  project  planning  to 
authorization  and  construction  are  possible  to  apply  effectively  onlv 
when  nature,  with  its  slow  rate  of  change,  rather  than  society,  is  the 

major  element  with  which  to  deal.  The  methods  and  regulations  designed 
to  measure  the  economic  benefits  of  major  engineering  works  do  not  count 
many  of  the  benefits  society  now  apparently  ascribes  to  nonstructural 
measures.  However,  national  environmental  groups  and  State  and  regional 
organizations  pressure  Corps  offices  to  develop  such  solutions,  en¬ 
couraged  by  the  apparent  Washington  support  for  such  measures.  Meanwhile 
few  nonstructural  project  plans  have  survived  the  Corps  initial  screening 
process  or  have  been  recommended  even  at  the  feasibility  report  stage. 

In  early  1978,  St.  Paul  District  proposed  this  study  to  identify  and 
recommend  actions  that  would  bring  Corps  capabilities  of  implementing 
nonstructural  alternatives  into  better  balance  with  public  statements 
and  perceptions  concerning  those  capabilities.  The  study  is  based  on 
the  experiences  of  St.  Paul  and  other  Districts  and  is  designed  to  inform 
higher  authorities,  within  and  outside  the  Corps, of  field  level  problems 
and  to  suggest  policy  changes  to  permit  implementation  of  nonstructural 
measures.  North  Central  Division  approved  the  study  and  has  provided 
substantial  assistance.  The  Office,  Chief  of  Engineers  (OCF.)  and 
Division  and  District  offices  nationwide  have  provided  additional  support 
This  report  contains  the  results  of  the  study  and  recommendations  for 
efficiently  planning  and  implementing  desirable  nonstructural  projects. 
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GENERIC  CHARACTERISTICS  AND  PROBLEMS 
OF  NONSTRUCTURAL  ALTERNATIVES 


F i vo  alternatives  for  flood  damage  reduction  are  commonly  con¬ 
sidered  nonst  met  ural : 

1.  (Improved)  flood  warning. 

2.  Floodplain  zoning. 

3.  Flood  insurance. 

4.  Flood  proofing. 

5.  Floodplain  evacuation. 

Each  of  these  alternatives  has  specific  problems  relating  *-o  its 
effectiveness  and  implementability .  The  first  three  share  the  character¬ 
istic  of  being  unable  to  present  a  near-term  solution  to  flood  damage 
problems . 

FLOOD  WARNING 


Flood  warnings  provided  over  the  years  by  the  National  Weather 
Service  have  proved  invaluable  in  saving  lives  and  giving  people  in 
danger  areas  an  opportunity  to  remove  or  protect  some  of  their 
possessions.  Improvements  to  the  warning  system  to  increase  warning 
times  or  accuracy  will  likely  be  beneficial  and  cost  effective.  In 
areas  where  warning  times  are  brief,  such  efforts  can  achieve  little 
in  the  way  of  reducing  damages  to  permanent  improvements  or  hard  to 
move  possessions.  Thus,  in  flash  flood  areas,  loss  of  life  can  be 
minimized  but  the  dollar  value  of  damages  can  be  reduced  only  frac¬ 
tionally  with  improved  flood  warning.  ^ 


(1)  Flood  warning  systems  can  be  separated  into  predicting  floods  and 
communicating  the  predictions.  Communication  has  not  received  the  same 
attention  that  prediction  has,  with  reliance  placed  generally  on  the  mass 
media  and/or  sirens.  Recently,  weather  radios  have  been  introduced.  These 
radios  automatically  sound  an  alarm  when  a  warning  signal  is  transmitted. 
The  radio  is  then  turned  on  to  listen  to  the  official  forecast  from  the 
National  Weather  Service.  Currently,  these  radios  are  geared  to  warn 
about  tornadoes  and  severe  thunderstorms.  Purchase  is  optional  with  each 
person.  In  a  hazardous  floodplain,  such  radios  could  be  supplied,  bv 
various  means,  to  all  dwellings  and/or  business  establishments  and  keyed 
to  respond  to  flash  flood  warnings  as  well. 
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FLOODPLAIN  ZONING 

Floodplain  zoning  may  be  regarded  as  a  response  to  long-range  flood 
warning.  The  regulatory  floodplain  is  usually  an  area  that  is  expected 
to  be  flooded  on  the  average  of  once  in  100  years.  On  the  basis  of  this 
expectation,  zoning  regulations  discourage  construction  within  the  regu¬ 
lated  area.  In  this  manner,  zoning  reduces  the  growth  of  future  damages 
where  it  is  effectively  enforced,  but  does  not  affect  existing  floodplain 
development.  Because  it  works  against  the  perceived  and,  perhaps,  real 
economic  interests  of  floodplain  property  owners,  zoning  is  often  strongly 
opposed  by  the  owners  and  evaded  where  possible.  Floodplain  property 
owners  build  without  getting  permits,  influence  local  administrators  to 
approve  variances,  or  delay  the  introduction  of  zoning  ordinances.  This 
effort  by  private  citizens  to  thwart  the  intent  of  floodplain  zoning  will 
no  doubt  continue  as  long  as  these  citizens  perceive  the  zoning  laws  as 
injuring  their  economic  well-being.  These  attitudes  and  actions  hinder 
the  effectiveness  of  zoning  nationwide. 

FLOOD  INSURANCE 

Flood  Insurance,  by  itself,  does  not  reduce  flood  damages.  In  fact, 
when  subsidized  as  it  is  now  by  the  Federal  Government,  it  may  encourage 
greater  flood  damages  by  spreading  the  financial  burden  over  a  larger 
segment  of  the  population,  just  as  disaster  relief  does.  The  national 
flood  insurance  program,  however,  has  been  coupled  with  a  (virtually) 
mandatory  program  directed  at  achieving  nationwide  local  floodplain 
zoning  according  to  national  standards.  The  program  thus  has  two  goals: 
(1)  to  compensate  flood  victims  for  their  monetary  losses  in  the  short 
term  and  (2)  to  encourage  floodplain  zoning  for  the  longer-term  reduction 
in  flood  damages.  Most  floodplain  residents  are,  at  most,  unappreciative 
of  the  benefits  supposedly  accruing  to  them  from  the  insurance  portion 
of  the  program.  They  believe  that  even  the  subsidized  premiums  are  too 
high.  Many  also  do  not  believe  that  their  claims  are  paid  fairly. 
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Except  for  the  flood  forecasts  of  the  National  Weather  Service, 
the  national  flood  insurance  program  is  the  primary  Federal  program 
in  the  area  of  nonstructural  alternatives  to  flood  control.  As  such, 
it  bears  certain  similarities  to  the  wastewater  treatment  program 
which,  in  terms  of  financial  outlay,  has  recently  been  the  largest 
Federal  program  in  water  resources  management.  Like  the  wastewater 
treatment  program,  the  flood  insurance  program  was  established  by 
Congress  to  achieve  specific  national  goals,  and  its  implementation 
has  generally  not  been  subject  to  benefit-cost  ratio  criteria  for 
economic  feasibility.  Also,  like  the  wastewater  treatment  program, 
the  primary  implementation  of  the  flood  insurance  program  (that  is, 
floodplain  zoning)  is  done  at  the  local  level  although  the  primary 
funding  is  Federal. 

Although  the  flood  insurance  program  is  a  result  of  a  specific 
congressional  directive  and  may  promote  various  environmental  goals, 
it  is  questionable  whether  the  program,  accompanied  by  zoning,  produces 
net  economic  benefits  for  the  Nation.  Analyses  performed  by  several 
District  offices  have  shown  that  the  two  nonstructural  alternatives 
which  act  directly  and  rapidly  on  floodplain  land  use  to  reduce  flood 
damages  (evacuation  and  flood  proofing)  have  dramatically  low  benefit- 
cost  ratios.  Even  when  allowing  for  overhead  expenses  and  premature 
loss  of  existing  capital  investments,  these  economic  analyses  suggest 
that  there  often  is  a  net  economic  return  derived  from  placing  improve¬ 
ments  within  the  100-year  floodplain, even  when  relatively  high 
flood  damages  occur. 

FLOOD  PROOFING 

Flood  proofing  (raising  buildings  above  flood  levels,  elevating 
utilities,  raising  access  roads,  etc.),  like  floodplain  evacuation, 
can  reduce  existing  flood  damages.  In  economic  terms,  however,  it  is 

(1)  The  100-year  floodplain  is  also  known  as  the  1-percent  chance 
floodplain,  the  10-year  floodplain  as  the  10-percent  chance  floodplain, 
etc. 
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much  more  practical  when  applied  to  new  construction  as  opposed  to 
existing  floodplain  developments.  Significant  institutional 
problems  are  involved  in  spending  public  funds  for  the  improvement 
of  private  property.  When  implemented,  flood  proofing  permits  and 
encourages  continued  economic  use  of  the  floodplain. 


These  photographs  (courtet>y  oh  South  A tlantlc  Vxvxs -ton)  are  hrom  a 
collect ion  documenting  an  example  oh  residential  I Wood  proehtng  by 
a  private  homeomer  living  along  Peachtree  Creek.  The  top  pioto 
araph  shot* i  the  home  before  it  was  htood  proohcd.  Through  appro¬ 
priate  design,  thli  home  remains  an  attractive  dtoe££xng,  despite 
bc-oig  raised  several  ^cet  above  grade  (see  bottom  p/io top-'rapn ) . 
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FLOODPLAIN  EVACUATION 

Floodplain  evacuation  reduces  flood  damages  by  removing  improvements 
from  the  floodplain.  Its  effectiveness  for  this  single  purpose  seems 
beyond  question.  However,  as  currently  implemented,  it  severely  limits 
future  use  of  the  evacuated  floodplain  land  for  economically  productive 
activities . 

Most  project  plans  evaluated  for  floodplain  evacuation  have  envis¬ 
aged  future  uses  of  the  land  for  open  space,  greenbelts,  interruptible 
recreational  purposes,  and  wildlife.  These  plans  have  particular  appeal 
and  benefits  for  those  concerned  with  environmental  issues.  However, 
on  reflection  it  is  clear  that,  almost  by  definition,  easily  interruptible 
uses  of  any  area  provide  little  economic  return.  As  such,  net  economic 
efficiency  of  the  future  use  of  the  Nation’s  floodplains  seems  clearly 
negative  under  current  programs. 

Flood  proofing  and  floodplain  evacuation  are  essentially  the  only 
nonstructural  alternatives  potentially  implementable  by  the  Corps  and 
capable  of  relieving  or  reducing  current  flooding  problems.  Therefore, 
they  are  the  focus  of  this  study.  Both  have  major  problems  regarding 
economic  feasibility,  plan  formulation,  and  local  acceptance.  These 
problems  havr  greatly  restricted  the  implementation  of  these  two  alter¬ 
natives  throughout  the  Nation. 

STATUS  OF  NONSTRUCTURAL  ALTERNATIVES  IN  CORPS  PROJECTS 

PLANNING  GUIDANCE 

At  least  since  the  passage  of  the  Water  Resources  Development  Act 
of  1974,  the  nonstructural  alternatives  of  floodplain  evacuation  and 
flood  proofing  have  been  actively  considered  by  all  Corps  Districts. 

In  many  cases,  these  alternatives  were  seriously  considered  in  earlier 
years  as  well.  To  date,  however,  very  few  of  these  alternatives  have 
been  recommended  or  implemented. 
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Entering  such  an  essentially  new  program  area,  the  Corps  does  not 
yet  have  fully  standardized  procedures  and  regulations  specifically 
applicable  to  nonstructural  alternatives,  although  the  situation  has 
improved.  During  the  early  1970' s,  regulations  specifically  formulated 
for  nonstructural  alternatives  were  practically  nonexistent.  ER  1105-2- 
351,  "Evaluation  of  Beneficial  Contributions  to  National  Economic 
Development  for  Flood  Plain  Management  Plans,"  was  clearly  oriented 
toward  structural  measures.  In  recent  years,  several  new  applicable 
regulations  have  been  developed.  Some  have  stirred  considerable  con¬ 
troversy  at  the  District  and  Division  levels. 

Policy  guidance  on  nonstructural  alternatives  has  improved  with 
two  new  engineering  regulations  distributed  in  1978.  ER  1165-2-122, 

"Use  of  Nonstructural  Measures  in  Planning  for  Flood  Damage  Reduction," 
deals  with  plan  formulation  for  nonstructural  alternatives.  It  repre¬ 
sents  a  significant  advance  in  policy  guidance  based  on  some  of  the 
lessons  of  the  past  few  years.  Among  other  notable  elements,  it: 

1.  Specifies  the  80-percent  Federal  -  20-percent  non-Federal 
cost-sharing  formula  indicated  in  the  1974  Water  Resources  Development 
Act  and  announced  as  policy  by  the  President  in  June  1978. 

2.  Recognizes  that  a  lower  design  level  of  protection  than  is 
normal  for  urban  areas  may  be  acceptable  for  nonstructural  alternatives. 

3.  Stresses  the  desirability  of  planning  for  groups  of  structures 
rather  than  for  individual  buildings,  where  such  grouping  is  possible. 

The  other  regulation,  ER  1105-2-353,  "Evalution  of  NED  Benefits 
and  Costs  for  Evacuation  and  Relocation  as  Non-Structural  Measures  for 
Flood  Plain  Management,"  covering  benefit  evaluation  for  floodplain 
evacuation  measures,  became  effective  on  10  July  1978.  As  noted  else¬ 
where,  difficulty  in  developing  economically  feasible  plans  for 

12 


4 


evacuation  and  relocation  predates  this  regulation.  However,  project 
benefit-cost  ratios  evaluated  with  this  regulation  will  be  slightly  less 
than  if  project  benefits  were  evaluated  under  the  general  guidance  of 
ER  1105-2-351.  Thus,  the  new  regulation  further  decreases  the  potential 
for  finding  nonstructuial  alternatives  with  benefit-cost  ratios  greater 
than  unity. 

ER  1105-2-353  limits  the  flood  damage  reduction  benefits  to  that 
portion  of  flood  damages  externalized  through  the  Federal  Insurance 
Administration  program  or  other  public  damages.  Damages  borne  by  the 
floodplain  owner/occupant  (that  is, the  deductibles  and  uninsurable 
damages)  cannot  be  claimed.  Therefore,  nonstructural  plans  have  a 
slightly  less  favorable  method  of  benefit  measurement  than  a  structural 
plan  because  a  structural  alternative  for  the  same  damageable  units  will 
include  the  deductibles  and  uninsurable  damages  prevented  as  benefits. 

All  other  benefit  categories,  including  flood  insurance  administrative 
cost  savings,  were  previously  creditable  under  ER  1105-2-351. 

Support  for  the  benefit  measurement  method  advocated  in  ER  1105-2-353 
appears  entirely  based  on  an  assumptive  economic  principle ; ^  namely, 
that  the  market  value  of  floodplain  properties  will  accurately  reflect 
the  degree  of  flood  risk  and  the  availability  of  flood  insurance.  Thus, 
floodplain  property  market  values  are  expected  to  vary  directly  with  the 
availability  of  flood  insurance  and  inversely  with  the  degree  of  flood 
risk.  The  empirical  studies  to  support  the  assumption  were  not  furnished 
with  the  regulation  and  could  not  be  found  during  a  search  of  subject 
literature  for  the  general  or  most  specific  cases.  By  contrast,  docu¬ 
mentation  of  this  nature  was  considered  critical  to  support  use  of 
projected  growth  as  presented  in  ER  1105-2-351. 

Without  exploring  further  technical  considerations,  evacuation 
alternatives  are  only  slightly  less  favored  as  a  result  of  the  new 
regulation.  However,  the  trend  of  policy  changes  implemented  by 
ER  1105-2-353  seems  to  be  toward  criteria  which  are  less  and  less 
favorable  to  such  alternatives. 

(I)  Pages  3-4,  Paragraph  7(d),  ER  1105-2-353,  dated  To  July  1978. 
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The  consideration  by  the  Office  of  Management  and  Budget  of 
endorsing  a  new  Federal  program  with  potential  for  large  future  ex¬ 
penditures  has  naturally  slowed  the  development  of  firm  policies 
encouraging  the  planning  and  implementation  of  nonstructural  alterna¬ 
tives.  Similarly,  very  real  questions  as  to  the  best  methods  for 
designing  nonstructural  projects  have  delayed  the  issuance  of  general 
guidelines.  Until  very  recently,  each  field  office  has  been  forced 
to  develop  its  own  guidelines  and  policies  on  a  preliminary  basis  for 
submission  to  higher  authority  and  often  for  after-the-fact  modification. 

IMPLEMENTATION 

Almost  all  Corps  flood  damage  reduction  projects  in  planning  or 
implementation  stages  include  some  nonstructural  elements  which  will 
reduce  the  future  growth  of  flood  damages.  Usually,  this  means  that 
recommendations  are  made  for  the  introduction  or  continuance  of  flood- 
plain  zoning  regulations  and  participation  in  the  national  flood 
insurance  program.  The  Corps  does  not  implement  or  even  significantly 
influence  these  alternatives.  Of  course,  the  assumption  of  floodplain 
regulation  as  a  part  of  the  base  condition  influences  plan  formulation 
for  recommended  structural  alternatives. 

More  significantly,  about  two  dozen  projects  contain  provisions 
for  acquiring  undeveloped  or  sparsely  developed  floodplain  lands  in 
fee  or  by  easement.  Acquiring  these  lands  for  overbank  storage  can 
reduce  the  magnitude  of  accompanying  structural  improvements  needed  to 
achieve  the  design  level  of  protection. 

Two  of  the  best  known  flood  damage  reduction  projects  of  this 
nature  are  those  at  Indian  Bend  Wash,  in  and  around  Phoenix,  Arizona, 
and  in  Littleton,  Colorado,  below  the  Chatfield  Lake  and  Dam  on  the 
South  Platte  River  near  Denver,  Colorado.  At  Indian  Bend  Wash,  the 
structural  features  consist  mainly  of  inlet,  outlet,  and  interceptor 
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structures  built  by  the  Corps.  The  floodway  along  which  the  flood 
flows  will  travel  is  under  the  control  of  the  local  sponsor  and  is  to 
be  managed  as  a  greenbelt  park,  with  comparatively  little  vulnerability 
to  flood  damages.  At  Littleton,  the  authorized  project  called  for 
channel  works  in  conjunction  with  the  upstream  reservoir  of  Chatfield 
Lake.  This  plan  has  been  modified  to  include  floodway  greenbelt  ac¬ 
quisition  to  preserve  the  natural  character  of  the  river  through 
Littleton  while  reducing  flood  damages 

Although  these  and  similar  proposed  floodway  acquisition  features 
in  projects  around  the  country  are  considered  nonstructural  in  that 
they  do  not  alter  flood  flows  by  themselves,  they  may  be  regarded  as 
further  refinements  of  a  traditional  structural  measure;  that  is, 
reservoirs.  Like  small  ponding  areas  behind  levees  or  major  reservoirs 
behind  large  dams,  greenbelt  floodways  temporarily  store  and  route 
floodwaters  in  areas  where  the  resulting  damages  will  be  minimal. 

Greenbelt  floodways  may  require  no  modification  of  flood  flows  and  ob¬ 
viously  result  in  very  short-term  and  limited  storage  of  flood  flows, 
but  the  concept  is  not  fundamentally  different  than  that  of  other 
reservoirs.  Greenbelt  floodways  are  generally  proposed  for  areas  with 
little  or  no  development,  just  as  upstream  reservoirs  tend  to  be  placed 
in  areas  of  sparse  development. 

The  Charles  River  Natural  Valley  Storage  Project  may  be  viewed  in 
the  same  light.  No  construction  is  planned  for  this  project;  the  project 
consists  of  acquiring  wetlands  and  other  areas  adjacent  to  the  upper 
Charles  River.  These  areas  function  essentially  as  flood  control  reser¬ 
voirs  by  storing  floodwaters  for  days  or  weeks  and  gradually  releasing 
them  downstream.  By  acquiring  these  lands  in  fee  or  easement  and  pre¬ 
serving  their  flood  storage  potential,  the  project  aims  to  eliminate 
the  need  for  future  construction  of  an  artificial  reservoir  to  provide 
the  flood  storage  now  available  naturally.  Thus,  it  attempts  to  create 
or  preserve  flood  storage  areas  under  Corps  authority  without  construc¬ 
tion  activity. 

The  three  projects  described  above  which  incorporate  nonstructural 
features  into  their  plans  all  deal  with  essentially  undeveloped  floodplain 
lands.  This  characteristic  is  typical  for  nonstructural  projects.  The 
economic,  political,  and  social  impacts  of  evacuation  and  flood  proofing 
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alternatives  for  developed  floodplains  have  rarely  been  investigated 
in  depth,  essentially  only  at  the  four  sites  discussed  below. 

PRAIRIE  DU  CHI EN,  WISCONSIN 

This  project  was  developed  in  1969  after  it  was  discovered  that 
no  traditional  structural  alternative  was  economically  feasible.  A 
levee,  the  conventional  solution  for  communities  along  rivers  such  as 
the  Mississippi  River,  was  the  most  nearly  feasible  structural  alternative 
at  Prairie  du  Chlen.  However,  it  was  not  economically  justified  pri¬ 
marily  because  permeable  soils  in  the  area  would  have  required  major 
pumping  facilities  and  associated  high  costs.  Further,  the  proposed 
levees  would  have  been  14  feet  high;  this  was  socially  unacceptable 
to  this  city  long  used  to  intimate  contact  with  the  river. 

The  feasibility  report  proposing  evacuation  and  flood  proofing 
was  completed  in  1970  and  approved  by  the  Board  of  Engineers  for  Rivers 
and  Harbors  and  the  Chief  of  Engineers.  Significant  policy  questions 
associated  with  Federal  funding  participation  in  such  an  enterprise 
precluded  the  Office  of  Management  and  Budget  from  taking  timely  action 
on  this  project  in  its  review  process.  At  the  request  of  Congress, 
the  report  was  submitted  without  comment  from  the  Office  of  Management 
and  Budget.  Congress  authorized  the  project  in  1974  with  cost-snaring 
set  at  80  percent  Federal  and  20  percent  non-Federal. 

The  current  plan,  after  minor  reformulation  during  postauthorization 
studies,  calls  for  130  residential  and  2  business  properties  to  be  ac¬ 
quired.  The  buildings  would  be  removed  from  the  floodplain  through 
demolition  or  relocation.  Displaced  residents  would  be  resettled  out¬ 
side  the  floodplain.  Technical  assistance  with  flood  proofing  would  be 
provided  to  remaining  floodplain  property  owners.  All  residential 
properties  on  St.  Feriole  Island,  which  is  separated  from  the  mainland 
by  a  shallow  channel,  and  all  residential  properties  on  the  city's 
mainland  at  elevations  below  that  of  the  10-year  flood  would  be 
acquired.  The  two  businesses  are  on  the  island.  As  the  local  sponsor, 
the  city  of  Prairie  du  Chien  will  be  the  acquiring  agency  and  will  hold 
title  to  the  project  lands. 
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Significantly,  for  reasons  of  economic  feasibility,  many  undeveloped 
parcels  and  several  businesses  in  the  area  of  severe  flooding  will  not  be 
acquired.  Similarly,  all  properties  on  the  mainland  above  the  10-year 
flood  level  were  excluded;  they  will  be  left  vulnerable  to  flood  depths 
as  high  as  5.5  feet  above  grade  at  the  100-year  flood  level. 

The  project  first  cost  for  reducing  flood  damages  in  this  10-year 
floodplain  subject  to  severe  spring  flooding  is  $4.2  million.  The 
project  has  a  benefit-cost  ratio  of  1.2.  A  substantial  portion  of 
the  project's  economic  benefits  is  derived  from  area  redevelopment 
bene  f its . 

BAYTOWN,  TEXAS 

This  project  was  authorized  in  1976,  is  in  the  late  stages  of 
post  author izat ion  planning,  and  is  included  in  the  President's  budget 
for  construction  funding  in  fiscal  year  1980.,  The  plan  is  to  acquire 
and  remove  all  (about  450)  dwellings  in  the  community's  50-year  coastal 
floodplain  -  a  floodplain  apparently  created  by  human  action.  Ground- 
water  withdrawals  over  the  past  decades  to  satisfy  the  demands  of  oil 
refining  and  other  needs  have  caused  subsidence  of  the  ground  at  Baytown 
as  well  as  at  a  number  of  other  areas  along  the  Texas  coastal  plain. 
Although  all  of  Baytown  appears  to  be  vulnerable  to  the  problem  of  sub¬ 
sidence,  the  project  area  is  the  lowest  and  most  vulnerable  developed 
area  subject  to  damage  from  tidal  and  storm  surges. 

The  project  area  is  a  residential  suburban  subdivision  built  and 
occupied  since  the  mid-1950's.  When  the  area  was  first  developed,  it 
was  not  notably  vulnerable  to  frequent,  severe  flooding  nor  was  the 
ground  subsidence  problem  expected  to  assume  the  magnitude  which  occurred. 
The  unusual  combination  of  fairly  sudden  changes  in  ground  levels  shortly 
after  the  kind  of  rapid  suburban  growth  possible  only  in  recent  decades 
produced  a  noteworthy  misallocation  of  economic  resources.  This  misallo- 
cation  has  allowed  Baytown  to  become  the  only  project  site  to  date  in 
which  the  flood  damage  reduction  benefits  to  be  gained  from  floodplain 
evacuation  exceed  the  costs.  While  there  may  be  similar  communities,  none 
has  become  evident  to  date.  The  current  first  cost  and  benefit-cost  ratio 
estimates  for  Baytown  are  about  $35  million  and  1.4,  respectively. 
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This  Scene  from  the  proposed  evacuation  zone  in  Baytown,  Texas 
reveals  the  plight  of  local  residents,  some  of  whose  hemes  now  occupu 
a  virtual  s ait  marsh.  Vote,  the  dead  trees,  standing  water,  and  <"ars h 
vegetation  throughout  the  area  seaward  o 4  the  road.  Vuring  s  term 
surges,  the  depth  of  water  increases  significantly. 

When  this  middle  class  Suburban  community  was  developed  in  t> ie 
late  1990’s  and  1960's,  the  area  was  several  feet  higher  and,  to  ait 
appearances,  an  attractive  place  to  build  and  live.  Clearly,  with 
or  without  government  regulation,  nc  one  would  build  houses  at  this 
site  today.  Only  ignorance  of  the  severity  the  ground  subsidence 
problem  allowed  development  of  such  a  nature  that  the  proposed 
Baytown  floodplain  evacuation  project  almost  uniquely  possesses 
strong  economic  feasibility  on  the  basis  of  flood  drmage  reduction 
benefits  alone.  Sudden  changes  in  natural  conditions,  such  as  tl ^ 
s till  sinking  ground  level  here  in  Baytown  or  other  unusual  circum¬ 
stances,  appear  necessary  for  potential  floodplain  evacuation  alter¬ 
natives  to  possess  a  benefit-cost  ratio  greater  than  unity  under 
current  evaluation  procedures . 

{Photograph  courtesy  of  Galveston  District) 
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MIDLAND,  MICHIGAN 

In  the  early  1950's,  a  structural  project  was  authorized  for  this 
community  as  part  of  a  basin-wide  plan.  Much  of  the  justification  for 
the  structural  plan  was  lost  when  How  Chemical  proceeded  on  its  own 
to  construct  levees  to  protect  its  property.  However,  the  levees  did  not 
protect  vulnerable  residential  areas  with  several  hundred  inhabitants. 
Recent  severe  floods  helped  stimulate  a  reformulation  of  the  authorized 
plan.  This  reformulated  plan  proposed  the  acquisition  and  removal  of 
about  100  residential  properties  from  the  floodplain. 

As  in  Prairie  du  Chien,  this  residential  floodplain  in  Midland  is 
older  and  has  been  passed  by  as  other  sections  of  the  city  grew  and 
prospered.  Again,  as  in  Prairie  du  Chien,  at  current  interest  rates 
the  proposed  evacuation  project  does  not  have  a  benefit-cost  ratio 
greater  than  unity  on  the  basis  of  flood  damage  reduction  benefits  alone. 
However,  unlike  Prairie  du  Chien,  Baytown,  or  Atlanta  (see  the  following 
section),  the  city  of  Midland  has  a  definite  recreation  plan  for  the 
floodplain  land  to  be  evacuated.  This  recreation  plan  would  produce 
more  benefits  than  those  which  would  derive  from  reduced  flood  damages. 

This  project,  as  a  result  of  the  reformulation  to  a  nonstructural 
alternative,  requires  congressional  reauthorization.  Its  estimated 
first  cost  and  benefit-cost  ratio  in  1976  figures  were  $4  million  and 
1.16,  respectively. 

PEACHTREE  AND  NANCY  CREEKS,  ATLANTA,  GEORGIA 

This  project  site  is  along  two  urban  creeks  which  are  subject  to 
flash  flooding.  The  creeks  are  surrounded  primarily  by  residential 
developments  in  one  of  metropolitan  Atlanta's  most  attractive  neighbor¬ 
hoods.  Although  the  flood  problem  has  long  been  recognized  and  structural 
solutions  exhaustively  investigated  in  earlier  decades,  no  major  flood 
has  occurred  in  the  memory  of  current  residents.  This  factor  complicates 
local  acceptance  of  a  plan  with  significant  local  costs. 
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This  study  is  in  the  late  stages  of  a  feasibility  investigation.  Con¬ 
sequently,  the  present  nonstructural  plan  may  still  be  changed  significantly 
The  current  plan  involves  all  of  the  approximately  700  residential  propertie 
in  the  100-year  floodplain.  It  provides  for  flood  proofing  most  of  the 
residences  by  raising  them;  others  would  be  acquired  and  demolished. 

The  present  first  cost  estimate  of  $45  million  makes  this  the  most 
expensive  nonstructural  alternative  to  reach  a  stage  near  recommendation. 

Its  estimated  benefit-cost  ratio  of  1.00,  however,  is  similar  to  those  of 
other  recommended  nonstructural  projects.  In  addition,  many  area  resi¬ 
dents  doubt  that  the  flood  threat  is  as  critical  as  the  Corps  determina¬ 
tion  indicates.  They  object  to  the  local  share  of  the  cost  which,  under 
the  80-percent  Federal  -  20-percent  non-Federal  cost-sharing  formula, 
would  be  about  $9  million.  Others  believe  that  the  aesthetic  values  of 
the  wooded  area  outweigh  the  flood  risk.  Further,  some  community  offi¬ 
cials  fear  the  loss  of  tax  base  if  the  proposed  project  is  implemented. 

SUMMARY 

Of  all  the  project  sites  which  have  been  investigated  by  the 
Corps  for  flood  damage  reduction  over  the  last  decade,  only  these 
four  have  reached  the  stage  of  offering  meaningful  nonstructural 
options  to  deal  with  existing  flood  damages.  So  far,  only  Prairie  du 
Chien  has  received  construction  funding  from  Congress  and  only  Baytown 
demonstrates  more  than  a  marginal  benefit-cost  ratio  on  the  basis  of 
flood  damage  reduction.  Table  1  summarizes  Corps  investigations 
of  nonstructural  measures. 
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STATUS  OF  OTHER  AGENCIES'  PROGRAMS 
AND  RELATIONSHIPS  TO  THAT  OF  THE  CORPS 

Several  other  agencies  are  involved  in  reducing  flood  damages  using 
mmstructural  alternatives.  Basically,  the  status  of  their  nonstructurnl 
programs  appears  no  more  advanced  than  that  of  the  Corps.  This  situation 
is  particularly  true  of  the  Soil  Conservation  Service  whose  responsibilities 
and  authorities,  like  those  of  the  Corps  in  civil  works,  involve  flood 
damage  reduction.  In  contrast,  the  Tennessee  Valley  Authority,  which  has 
broader  responsibilities  within  its  limited  geographic  region,  has  had  more 
experience  with  flood  proofing  and  floodplain  evacuation. 

As  noted  earlier,  the  Federal  Insurance  Administration's  program  is 
directed  at  reducing  the  future  growth  of  flood  damages  by  regulating 
new  development  and  does  not  solve  existing  flood  problems.  The  Federal 
insurance  Administration  does  have  authority  under  section  1362  of  the 
Flood  Insurance  Act  of  1968  to  acquire  and  remove  damaged  floodplain 
properties  under  certain  specific  and  limited  circumstances.  The  ad¬ 
ministration  has  not  used  this  authority  to  acquire  any  properties;  how¬ 
ever,  it  is  investigating  programs  to  implement  the  authority.  In  its 
present  form,  this  authority  does  not  appear  to  offer  a  meaningful  solu¬ 
tion  to  serious  community  flood  problems.  Restrictions  limit  its  application 
to  areas  with  extremely  severe  flooding  (for  example,  three  maior  floods  it' 

i  wars)  and  its  application  would  probably  result  in  limited  property 

ii  ;uis  i  t  ions  . 

An  interesting  phenomenon  has  occurred  regarding  the  implementation 
of  some  nonstructural  projects  which  have  been  studied  by  the  Corps. 

Sources  other  than  the  sponsor  or  the  Corps  have  provided  funding  for 
these  projects.  This  funding  serves  to  speed  implementation  or  to  re¬ 
place  Corps  implementation.  in  a  number  of  cases,  funding  has  been 
provided  bv  other  Federal  agencies  that  have  only  a  minor  interest  in 
reducing  flood  damages.  For  example,  in  Midland,  the  Dow  Foundation 
has  indicated  that  it  would  provide  the  city  with  several  hundred  thousand 
dollars  to  implement  the  planned  project  with  or  without  Federal  part i ei pat i o 

Another  example  can  be  seen  in  Prairie  du  Chien  ’-here  the  first  $500,ihio 
in  implementation  funds  was  provided  by  a  Cottmunity  Development  Block  Cran* 
from  the  C.S.  Department  of  Housing  and  I’rban  Development.  This  funding 
was  available  more  than  a  year  before  Corps  funds  were  ready  for  expendi¬ 
ture.  The  department  will  likely  provide  additional  funds  to  the  city  to 
in  lp  implement  the  project. 
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In  1?7.. ,  using  Community  Vevelcpment  Block  Grant  ^uncii  provided 
by  the  U.  .  Department  of  Housing  and  Urban  Vzve.lopme.nt,  Prairie  da 
Cluen,  Wisconsin,  began  the  floodplain  evacuation  project  on  Its 
own  initiative  wfiite  the  Corps  was  still  engaged  in  preconstruction 
p taming.  The  city  voluntarily  followed  the  guidelines  jointly 
developed  for  thli  project  over  the  years  by  the  Corps  and  the 
community.  Because  funds  were  limited,  a  priority  list  was  made 
of  those  applying  for  evacuation,  giving  preference  to  families  with 
dependent  children  or  those  who  were  elderly  or  in  poor  health. 

This  house  was  the  first  to  be  moved  out  of  the  floodplain  as 
part  of  the  project.  Shown  here  on  the  eve  of  the  move  are  the 
homeowner,  a  man  in  his  80's  who  built  the  house  himself  more  than 
5 0  years  ago,  and  the  Corps  project  manager.  Throughout  this 
project,  it  has  been  critically  important  to  maintain  a  one-to-one 
relationship  with  the  many  elderly  and  low  Income  residents  faced 
.ath  the  choice  of  suffering  continued  flood  threats  or  moving  from 
their  long-time  homes. 
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In  Beatrice,  Nebraska,  the  Kansas  City  District  developed  a  foasibl 
■"'i.'ritien  protect.  The  city  appears  to  have  accepted  the  general  plan 
■-.)>  declined  further  Corps  involvement.  The  city  intends  to  imple¬ 
ment  floodplain  evacuation  with  the  help  of  a  Community  Development 
Klo-k  .rant  from  the  Department  of  Housing  and  1’rban  Development. 

In  the  Kickapoo  Valiev  of  southwestern  Wisconsin,  in  the  same  count 
i~>  i'rnirie  du  Chien,  a  more  extreme  example  can  be  seen.  The  valley  vus 
th<  site  of  an  authorized  and  partially  constructed  project,  the  I. a 
barge  hake  and  Dam.  Construction  was  halted  when  environmental  and 
conservation  organizations  with  the  support  of  some  State  and  Federal 
representatives  opposed  its  completion.  When  construction  of  the  dam 
c.  cite  uncertain,  the  village  of  Soldiers  Grove,  downstream  from  I.a 
Fart;.-,  commissioned  a  small  study  outlining  the  benefits  of  a  floodplain, 
•venation  plan.  The  village  attempted  to  get  the  Corps  to  participate 
in.  implementing  such  a  plan.  Studies  have  shown  that  the  plan  lacks 
economic  feasibility;  therefore,  the  Corps  has  not  been  able  to  par¬ 
ticipate,  despite  the  expenditure  of  considerable  time  and  m.onev  in 
sr  tide  efforts. 

In  duly  1978,  a  maior  flood  occured  in  the  Kickapoo  Valley  flooding 
...  substantial  portion  of  Soldiers  Grove.  On  the  basis  of  requests  for 
assistance  to  implement  its  relocation  plan  and  in  view  of  the  recent 
disaster.  Soldiers  Grove  has  obtained  more  than  $1  million  in  grants 
from  various  Federal  agencies.  Although  the  Federal  funds  will  benefit 
tile  village,  it  is  questionable  whether  this  uncoordinated  method  of 
funding  is  an  efficient  way  for  the  Federal  Government  to  participate 
in  floodplain  evacuation  projects.  This  procedure  repeats,  on  a 
smaller  scale,  the  allocation  of  large  amounts  of  Federal  nonev  to 
KapiJ  City,  South  Dakota,  soon  after  its  1972  flood  disaster. 

In  summary,  it  is  clear  that  neither  the  Federal  Government  in 
general  nor  the  Corps  of  Engineers  in  particular  has  a  program  to 
implement  nnnstruct ural  alternatives  for  flood  damage  reduction  that 
is  comparable  to  the  program  to  implement  structural  alternatives  for 
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tais  purpose.  Hie  Corps  has  only  a  few  Isolated  nonstructural  projects 
m'  proposals  nationwide.  Other  agencies  participate  in  a  comparable 

number  of  such  projects. 

COMMON  PROBLEMS  IN  DEVELOPING  NONSTRUCTURAL  PROJECTS 

3LY.  <RM.  L"  I  Of. 

Approached  from  the  larger  context  of  Corps  civil  works  activities 
over  the  decades,  real  consideration  of  nonstructural  measures  as 
".Mr  project  elements  is  a  relatively  new  phenomenon  for  the  Corps. 

'hi'  relative  lack  of  familiarity  has  adverse  impacts  on  the  quality 
'f  clan  formulation  and  design,  especially  when  compared  to  that  for 
structural  alternatives.  Usually,  neither  the  project  planners  at  the 
cistriot  level  nor  the  reviewers  at  the  Division  and  Washington  levels 
raw  had  si  gr.i  i  i  cant  experience  with  even  one  primarily  nonstructural 
project .  Hie  experience  of  other  agencies  and  private  consultants  is 
mi  lar’.v  limited.  This  inexperience  is  in  marked  contrast  to  the 
stri  rural  expertise  the  Corps  possesses  after  planning  and  constructing 
hur.dre  .Is  u  large  and  small  reservoirs  and  thousands  of  miles  of  levees 
ind  .  •.av.e  1  modi  t'i  eat  ions  . 

At  t e  District  level,  this  lack  of  experienced  guidance  results 
in  mistaken  assumptions,  false  starts,  and  unduly  prolonged  consideration 
of  plans  that  cannot  he  implemented  because  of  local  unaccep t abi 1 i tv  or 
Corps  or  administration  policies.  These  problems  have  become  noteworthy 
only  where  nonstructural  alternatives  have  been  considered  seriously. 

!•:  other  cases,  nonstructural  alternatives  have  only  been  given  a  cursory 
examination  to  rule  out  their  further  consideration. 

Reviewers  at  Division  level  are,  in  a  sense,  in  a  more  difficult 
position  than  District  personnel.  Having  no  more  experience  than  District 
planners  with  nonst ructural  alternatives  because  of  their  rarity.  Division 
r-  vievers  are  required  to  review  District  plans  to  make  them  compatible 
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with  perceived  policies.  In  the  past,  such  policies  often  appeared 
as  the  convoluted  application  of  regulations  designed  for  structural 
alternatives.  At  other  times,  decisions  were  based  on  unwritten 
policies  expressed  to  Division  personnel  verbally  and  subject  to 
unpredictable  future  changes. 

Those  in  policy  positions  at  the  Office,  Chief  of  Engineers; 
Hoard  of  Engineers  for  Rivers  and  Harbors;  or  the  Office  of  the 
Secretary  of  the  Army  have  also  faced  significant  problems  in  their 
effo'.  ts  to  adapt  to  increasing  emphasis  on  nonstructural  measures. 
Pressured  from  the  District  offices  for  decisions  that  could  not  be 
based  on  precedent,  agency  policy  makers  have  used  their  best  current 
judgment  or  delayed  in  making  decisions  where  possible  until  more 
information  was  available. 

The  foregoing  problems  are  a  predictable  consequence  of  the 
introduction  of  a  new  program.  Because  they  have  occurred  with  other 
agencies  that  are  adapting  their  programs  to  the  increased  emphasis 
on  nonstructural  alternatives,  their  existence  is  in  no  way  an 
indictment  of  the  personnel  involved,  either  in  the  Corps  or  other 
agencies.  Nevertheless,  they  have  hampered  the  development  of 
implementable  nonstructural  projects. 

Specific  problems  related  to  the  formulation  of  nonstructural 
alternatives  as  opposed  to  the  formulation  of  more  traditional 
structural  alternatives  are: 

1.  The  Increased  complexity  of  any  approach  dealing  with 
human  behavior  versus  the  more  predictable  behavior  of  the  natural 
wo rid. 


2.  The  increased  number  of  permutations  possible  for  a  plan 
dealing  with  individual  structures  as  increments. 
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The  natural  world  itself  is  not  simple  to  understand.  It  has  taken 
people  thousands  of  vears  to  discover  and  comprehend  a  sufficient  number 
.  :  riie  laws  of  nature  to  develop  reliable  and  quantifiable  natural 
sciences.  In  the  area  of  water  resources  engineering,  knowledge  and 
techniques  are  still  imperfect  in  many  fields. 

In  contrast  with  human  behavior,  however,  natural  phenomena  often 
seem  simple  and  straightforward.  Although  the  term  "social  sciences" 
exists,  few  would  accord  to  sociology,  psychology,  or  political  science 
•iu  same  impressive  accompl ishments  in  their  areas  of  application  as 
have  been  achieved  in  physics,  chemistry,  or  civil  engineering.  Koo- 
nv-r.ics  is  probably  the  only  social  science  with  pretensions  at 
;  :  int i f i ah  I e  laws.  Kven  its  reputation  for  accuracy  and  forecast- 
ice  a:  i .!  1 1 v  has  not  been  impressive. 

Formulating  any  nonst ructural  alternative  involves  judgments  and 
interpretations  ot  human  behavior.  Predicting  the  behavior  of  people 
warned  of  at)  impending  flash  flood  is  much  more  difficult  than  predict¬ 
ing  t  tie  reliability  and  timeliness  of  the  instruments  and  techniques 
that  provide  the  warning.  The  effectiveness  of  floodplain  zoning  depends 
>:s  the  behavior  of  the  individuals  responsible  for  enforcement,  the  attitud 
, '  *  their  political  superiors,  and  the  ingenuity  of  the  regulated  property 
owner  in  evading  regulations.  The  efficiency  of  the  flood  insurance  progra 
relates  to  the  above  problems,  as  well  ns  the  coordination  between  Federal 
and  local  officials,  and  even  the  honesty  and  sensitivity  of  insurance 
laim  adjusters  in  dealing  with  flood  victims, 

ho  one  can  accuratelv  predict  the  results  of  the  foregoing  programs, 
a!t  hough  some  may  he  measurable  in  subsequent  years.  For  the  nonstruc- 
t  rir.il  measures  that  the  corps  can  implement  (flood  proofing  and  floodplain 
•  •  acu.it  ion)  similar  uncertainty  exists  as  to  their  effectiveness  at 
iitterent  levels  of  protect  ion  and  in  varying  ci rcumst anros . 


The  benefits  to  be  gained  from  flood  proofing  are  uncertain, 
partly  because  of  a  lack  of  experience  with  the  proposed  measures  as 
applied  to  single-family  homes  and  other  smaller  structures.  Aside 
from  the  doubts  about  structural  integrity  and  waterproofing  qualities, 
the  behavior  of  property  owners  is  unpredictable.  Waterproofing 
shields  for  door  and  window  openings  may  have  been  mislaid  when  a 
10-year  event  for  which  they  are  necessary  actually  occurs.  Also, 
an  uninformed  postproject  owner  might  cut  a  more  convenient  walkway 
through  the  mini- levee  around  his  house. 

The  uncertainties  regarding  the  long-range  effectiveness  of  flood 
proofing  are  present  in  a  more  fundamental  way  regarding  the  effective¬ 
ness  of  "permanent"  floodplain  evacuation.  Together  with  floodplain 
zoning,  evacuation  is  designed  to  remove  flood  vulnerable  capital 
improvements  irom  the  floodwav  and  other  low  portions  of  the  floodplain. 
Kven  though  it  may  be  limited  to  developments  in  the  10-vear  floodplain, 
as  at  Prairie  du  Chien,  it  does  provide  protection  from  the  100-year 
flood  to  those  persons  and  improvements  removed  from  this  floodplain. 
This,  of  course,  is  unlike  a  10-vear  levee  which  provides  protection 
only  to  the  10-year  level  and  often  induces  higher  flood  damages 
when  less  frequent,  greater  floods  occur. 

While  evacuation  provides  a  high  level  of  protection  to  the  persons 
and  improvements  involved,  a  reasonable  doubt  exists  regarding  the  long¬ 
term  protection  of  the  acquired  land.  Acquisition-evacuation  and 
floodplain  zoning  presume  the  continued  existence  and  enforcement  of 
national  policies;  State,  Federal,  and  local  laws;  and  agencv  regulation 
which  generally  have  been  in  existence  only  since  the  19b0's.  These 
policies  mav  be  continued  indefinitely,  or  they  may  be  altered  or  re¬ 
versed  much  -oner.  During  the  first  part  of  this  century,  the  episode 
of  Prohibit!  .evealed  that  even  a  constitutional  amendment  reversing 
a  previous  amend"  nt  could  be  quickly  forthcoming  when  enough  people 
objected  to  laws  lestricting  what  they  believed  to  be  their  fundamental 
rights. 
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Regardless  of  the  merits  of  legally  restricted  floodplain  is. 
perceive d  by  its  proponents,  many  others  oppose  such  restrict!  ns. 

;  -ii  .'terf  in..!  rules  governing  human  behavior  can  be  change.:  '•  v  :: 
of  Congress,  a  new  presidential  executive  order,  or  a  more  v!  :.-spr<- 
flouting  of  still-existing  laws  and  cannot  be  considered  permanent 
eon-:  it  ions  on  which  to  base  economic  or  other  calculations  i::d  f  >r. 
casts  a  century  or  more  into  the  future.  The  confidence  K-'u  i  f  • 
future  behavior  of  the  mass  of  concrete  and  steel  in  a  m'or  dam  is 
!  wndamental  lv  much  greater  than  hat  concerned  with  the  future  1 
of  a  changing  society. 

i’he  three  major  structural  alternatives  for  flood  centre.  1  are: 
ill  reservoirs,  (2)  f loodwal ls-levees ,  and  (1)  channel  modification 
due  up:> !  i  cat  ion  of  each  of  these  alternatives  is,  in  tin-  rv,  : 
variable  a;  ,  ac.i  pro'ect  location,  both  as  :>■  specifi.  >•-  i  er  c.  : 

:  uni  fide .  however,  in  practice,  only  a  iew  sites  .,re  »  ; ;  ♦  •.  •  y 

.  vast  rue:  ion,  or  lew  alignments  for  >  hanne  1  cnanges  ■:  >•■••••  s 

mure  engineering  .and  economic  sense.  These  few  re  asm  alt  1  si  r  .  :  ur 

pc  ss  i  n  i  \  i  t  i  es  are  multiplied  by  differing  levels  of  pro:.  : 

can  be  built  into  each.  Although  these  levels  could  be  varied  cv  s 
:■  •  re  men*-  s ,  design  guidelines  have  evolved  over  the  years  •  .  >:  ar  - 

levels  of  protection  which  are  determined  by  economic  ana! vs  is ,  r  . 
an:  regulation.  Once  determined,  the  level  of  protection  is  fixed 
‘.he  entire  feature  and  often  for  all  project  elements,  v're  cou  1 n 
rationally  construct  a  continuous  ievee  with  greatly  varying  heigh: 
a  dam  with  half  built  for  a  20-year  event  and  naif  built  for  a  100- 
everst  .  The  possible  variations  for  a  structural  project  are  genera 
reduced  to  a  manageable  number  through  consideration  of  the  charm! 
1st  Us  ot  a  particular  location,  traditional  policies,  and  the  very 
nature  of  such  work. 

This  built-in  degree  oi  simplification  in  plan  formulation 
applies  very  little  to  nonstructural  alternatives.  Firm  policies 
have  n't  existed  during  the  past  years  to  help  standardise  rlanning 
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Further,  when  dealing  with  floodplain  evacuation  or  flood  proofing, 
one  can  rationally  develop  a  plan  that  considers  and  treats  each 
structure  (residential,  commercial,  or  industrial)  differently. 

Such,  a  plan,  which  could  acquire  and  demolish  one  structure,  relo¬ 
cate  its  neighbor,  flood  proof  another  structure,  and  do  nothing 
for  yet  another,  is  not  easy  to  develop  or  administer.  Despite 
these  difficulties,  it  mav  make  sound  economic  sense  from  the 
standpoint  of  reducing  flood  damages  and,  at  the  same  time,  meet 
with  general  local  acceptance.  The  essence  of  the  complexity  in 
emp loving  nonstructural  alternatives  is  that  each  structure  can 
be  considered  as  a  separate  project  increment,  each  property  owner 
might  reasonably  wish  it  to  he  so  considered,  and  rational  reasons 
exist  for  so  doing.  Specific  examples  of  the  complexity  of  plan 
formulation  in  nonstructural  projects  can  be  found  at  Prairie  du 
v  hi«n,  Midland,  and  Peachtree  and  Nancy  Creeks. 

Prai  rit'  du  Chien,  Wisconsin 

At  Prai rie  du  Chien,  the  selection  of  properties  to  be  acquired 
was  critical.  Project  economics  dictated  that  the  selection  be  made 
at  a  level  far  lower  than  the  ] 00-year  flood  typical  for  many  projects. 
Kconomics  was  not  the  only  factor  considered  in  selecting  a  lower 
cutoff  point.  Generally,  very  few  or  no  residents  in  the  50-  to 
100-year  floodplain  favored  mandatory  floodplain  evacuation.  A 
majority  of  all  those  above  the  10-year  level  opposed  evacuation 
although  many  were  willing  to  participate. 

Much  of  the  city's  flood  problem  Involved  St.  Feriole  Island, 
which  made  an  easily  identifiable  unit.  However,  many  of  the 
residences  on  the  mainland  were  subject  to  worse  flooding  than  some 
at  higher  elevations  on  the  island.  Some  island  and  mainland  resi¬ 
dents  scheduled  for  evacuation  suffered  no  first-floor  damages  until 
th»  100-year  flood,  but  land  access  to  their  properties  was  interrupted 
at  the  15-  to  10-year  flood.  In  addition  to  residences  subject  to 
: loading,  many  businesses  were  located  in  the  lower  parts  of  the  flood- 
plain;  onlv  two  of  them  possessed  incremental  economic  justification 
for  Inclusion  in  the  evacuation  project. 
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The  ultimate  decision  was  to  treat  all  residences  with  a  given 
:  ces-,  problem  alike.  finis,  first-floor  and  ground  elevations  were 
■  •  r  crit  ical,  although  obviously  related.  The  result  of  this  le.-ision 
was  that  residents  with  homes  at  higher  elevations  who  did  not  feel 
especially  threatened  were  included  in  the  group  to  be  evacuated,  while 
others  at  somewhat  lower  elevations  were  allowed  to  remain.  In  either 
case,  some  persons  on  either  side  of  the  dividing  line  were  unhappy. 

Hie  decision,  which  treated  all  residents  with  a  specified  degree  of 
vulnerability  equally,  was  made  while  working  under  severe  economic 
1 ust i f icat ion  constraints  which  permitted  the  inclusion  of  few,  if  anv , 
uneconomic  remnants. 

Businesses,  as  larger  increments  and  without  the  same  degree 
of  social  sympathy,  were  treated  differently.  Only  two  businesses 
were  incremental Ly  justified  for  evacuation  and  were  included  in 
the  evacuation  portion  of  the  project.  Several  other  buildings  that 
were  equally  vulnerable  were  left  in  the  floodplain.  The  decision  to 
selectively  aid  businesses  on  the  basis  of  individual  economic  feasi¬ 
bility  was  not  an  easy  one,  but  it  resulted  in  the  greatest  reduction 
of  flood  damages  permitted  by  economic  justification  criteria.  The 
same  process  excluded  all  undeveloped  floodplain  parcels  from  the  ac¬ 
quisition  program  even  though  the  result  in  some  areas  is  a  oheckerboar 
of  public  and  private  land  holdings  that  will  inhibit  future  plans  to 
use  the  acquired  lands  as  a  unit. 


This  apical  photograph  o{  the  north  hat {  c{  Prairie  du  CU.en, 
Wisconsin,  il  Cast  rates  the  possible  checkerboard  type  o {  acquis  iti 
ui  {floodplain  evacuation  projects.  The  structures  indicated  in 
yellow,  primarily  res idential,  are  scheduled  {or  acquisition  and 
removal  trom  the  tlocdplain.  The  structures  indicated  in  red, 
union  arc  residential ,  commercial,  industrial,  and  public  bail  dins 
will  not  be  acquired,  hany  c{  the  structures  scheduled  <cr  acqui¬ 
sition  comprise  a  large  contiguous  unit  while  others  are  intersper 
i among  structures  to  be  le.it  in  place.  Even  in  the  central  resi¬ 
dential  area  o{  St.  Feriole  Island,  properties  leithout  structures 
aid  Subject  to  {loodplair.  zoning  restrictions  will  remain  in 
private  ownership. 

This  project’s  marginal  bene  {it- cost  ratio  prohibited  adding 
any  uneconomic  remnants.  Adding  these  ether  properties  would  have 
resulted  in  a  met;’  inclusive  and  desirable  project  {or  potential 
{utur c  recreational  uses.  Any  evacuation  project  could  lace 
similar  pressures  {or  including  or  excluding  various  contiguous 
properties  as  long  as  {Coed  damage  reduction  rather  than  optimum 
tut ure  {loc dpi ain  use  remains  the  dominant  project  purpose. 
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Flood  proofing  was  also  a  major  element  in  the  authorized  plan  for 
Prairie  du  Chien.  However,  during  postauthorization  planning,  it  was 
determined  that  flood  proofing,  to  various  degrees,  was  incrementally 
Justifiable  only  to  individual  residences  and  businesses  scattered 
throughout  the  floodplain.  No  single  contiguous  unit  of  properties 
could  be  economical lv  flood  proofed.  Because  the  project  was  only 
marginally  feasible  without  flood  proofing,  only  structures  with  an 
individual  benefit-cost  ratio  greater  than  unity  could  be  included  in 
the  project  if  overall  feasibility  was  to  be  maintained. 

Individually  Justifiable  properties  could  have  been  selected  for 
flood  proofing  but  the  problem  of  social  equity  also  emerged.  In 
general,  it  costs  approximately  the  same  to  flood  proof  all  houses  of 
a  given  size  and  vulnerability.  However,  the  benefits  gained  from 
raising  a  high-value  house  are  much  greater  than  those  gained  from 
raising  a  low-value  house  which  suffers  less  dollar  flood  damages. 
Applying  these  facts  on  a  case-by-case  basis  resulted  in  a  plan  that 
would  have  flood  proofed  20  high-value  residences  and  done  little  for 
80  low-value  residences.  This  action  would  have  meant  government 
assistance  to  those  wealthy  enough  to  afford  more  expensive  properties 
and  no  assistance  to  the  rest.  Direct  Federal  participation  in  flood 
proofing  residences  was  ultimately  rejected. 

Striving  to  maintain  equity  while  reducing  flood  damages  to  the 
minimum  level  consistent  with  economic  feasibility,  the  final  plan  calls 
for  providing  technical  flood  proofing  assistance  to  all  property  owners, 
with  the  implementation  and  financing  of  anv  flood  proofing  measures 
to  be  at  the  option  and  expense  of  the  individual.  Limited  financial 
assistance  could  be  made  available  to  the  local  sponsor. 

While  federally  implemented  flood  proofing  of  some  grouping  of 
structures  on  a  mandatory  basis  was  still  under  consideration,  it  was 
noted  that  the  Government  could  not  force  an  owner  to  allow  his 
house  to  be  flood  proofed.  Therefore,  if  total  flood  proofing  of  a 
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selected  group  was  required  by  policy  or  other  considerations,  the 
Government  would  have  to  provide  individual  property  owners  with  the 
choice  of  being  acquired  instead,  using  the  power  of  condemnation  to 
assure  compliance  with  a  given  plan.  However,  because  acquisition- 
evacuation  is  more  expensive  than  flood  proofing  in  virtually  all  cases, 
the  possible  costs  of  evacuation  would  have  pushed  the  benefit-cost 
ratio  of  this  marginally  feasible  project  below  unity. 

The  final  element  of  controversy  regarding  flood  proofing  is  the 
degree  of  protection.  If  a  house  is  to  be  raised,  should  it  be  raised  to 
provide  protection  to  the  50-vear,  100-year,  or  some  other  level? 

Further,  should  measures  other  than  raising,  which  promised  to  be  only 
selectively  effective,  be  employed?^'*  This  problem  was  solved  in 
Prairie  du  Chien  when  it  was  decided  to  provide  only  technical  assist¬ 
ance  with  the  implementation  and  financing  at  the  option  of  the 
individual  property  owner.  Clearly,  if  every  person  decided  on  his  own 
work  and  paid  for  it,  the  Federal  Government  would  have  no  control  over 
the  kind  or  degree  of  protection  beyond  providing  advice.  The  ultimate 
expectation  is  that  a  few  property  owners  will  raise  their  houses  to 
the  100-year  flood  level,  more  may  relocate  their  basement  utilities 
above  selected  flood  levels,  but  most  will  content  themselves  with 
removing  their  fuse  boxes  and  main  electrical  lines  from  the  basement 
and  other  similarly  selective  measures.  It  is  likely,  for  better  or 
worse,  that  no  one  will  flood  proof  his  house  to  the  extent  which  would 
have  been  likely  had  the  work  been  done  to  Corps  standards. 

Midland,  Michigan 

At  Midland,  the  benefit-cost  ratio  considerations  constraining  plan 
formulation  were  both  more  and  less  restrictive  than  at  Prairie  du  Chien. 
They  were  more  restrictive  in  the  sense  that  the  evacuation  project 
was  not  even  close  to  economic  feasibility  at  current  interest  rates  using 

(1)  At  Peachtree  and  Nancy  Creeks  this  was  a  major  question  and  will 
be  discussed  later  in  regard  to  that  project. 
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flood  damage  reduction  benefits  alone.  The  primary  share  of  project 
benefits  came  from  planned  future  recreation  use  of  the  acquired  flood- 
plain  lands  after  the  structures  are  removed.  With  the  recreation  bene¬ 
fits  included,  the  benefit-cost  ratio  permitted  acquisition  and  reloca¬ 
tion  of  all  improvements  and  persons  within  selected  large  parcels  in 
the  100-year  floodplain.  On  the  other  hand,  the  importance  of  future 
planned  recreation  uses  affected  the  planning  for  flood  damage  reduction 

All  of  the  floodplain  parcels  planned  for  acquisition  in  Midland 
are  in  larger  contiguous  units  and  will  form  parts  of  the  various 
types  of  recreation  areas  planned  for  the  evacuated  land.  Within 
these  areas,  all  private  parcels  in  the  100-year  floodplain  would  be 
acquired.  However,  other  properties  within  the  100-year  floodplain  are 
not  contiguous  with  the  planned  recreation  area  and  are  not  planned  •'  r 
project  acquisition.  To  reduce  flood  damages,  these  properties  could 
be  included  in  the  project  to  maintain  consistency.  The  city,  however, 
views  these  isolated  parcels,  which  are  surrounded  by  the  holdings  of 
large  landholders  such  as  Dow  Chemical,  as  lesser  problems  to  be  solved 
bv  these  other  interests. 


Because  the  city  has  access  to  non-Federal  funds  to  implement 
a  portion  of  the  project,  a  new  problem  has  been  Introduced  in  p1 ar 
formulation,  not  only  for  the  city  but  also  for  the  Corps.  With  no 
Federal  project  in  the  implementation  stage  and  no  guarantee  that 
there  will  ever  be,  the  city  is  concerned  with  stretching  its  funds 
as  far  as  possible.  One  means  it  is  using  is  to  buy  only  from 
persons  who  volunteer  to  leave  the  floodplain.  In  this  way,  It  may 
be  possible  to  avoid  the  costs  of  potential  court  condemnation  suits, 
replacement  housing  payments,  and  allied  moving  costs.  This  approach 
could  conflict  with  potential  later  participation  in  a  Federal  project 
which  would  include  such  payments.  This  method  of  acquisition  might 
also  be  considered  to  conflict  with  Michigan  law  which  requires 
similar  benefits  for  persons  whose  residences  are  acquired  bv  munici¬ 
palities.  Moreover,  it  introduces  an  undesired  element  of  inequity 


into  the  process.  Persons  volunteering  to  have  their  lands  acquired 
under  this  approach  would  not  receive  any  of  the  payments  normally 
associated  with  public  acquisition  of  private  residential  property,  nor 
would  they  have  significant  latitude  to  negotiate  a  purchase  price. 

Those  interested  in  moving  from  the  floodplain  must  face  the  difficult 
choice  of  selling  out  at  current  market  prices  or  waiting  for  an  uncertain 
future  project  which  could  give  greater  benefits. 

Peachtree  and  Nancy  Creeks,  Georgia 

A  number  of  problems  have  emerged  in  the  plan  formulation  of  this 

(1 ) 

study;  several  relating  to  flood  proofing  are  among  the  most  difficult. 

To  begin  with,  Georgia  has  legal  restrictions  against  using  public  (State 
or  local)  funds  to  improve  private  property.  Although  not  every  State 
has  identical  laws,  this  principle  is  an  Important  problem  nationwide. 

If  flood  proofing  measures  reduce  a  structure's  vulnerability  to  damages, 
the  value  of  the  structure  has  been  enhanced.  In  such  a  case,  how  can  a 
local  sponsor  in  Georgia  agree  to  cost  share  on  flood  proofing?  Here  the 
answer  might  be  a  special  State  law  exempting  the  project  from  the  general 
law  if  the  project  is  Implemented. 

Assuming  the  legalities  can  be  resolved,  questions  arise  concerning 
which  structures  to  flood  proof  and  to  what  level  of  protection.  As 
stated  by  South  Atlantic  Division  in  its  3  May  1978  letter:  "Should  a 
house  subject  to  frequent  flooding  be  raised  to  a  25-vear,  50-year,  or 
100-vear  flood  level?  To  be  consistent  with  the  flood  insurance  program, 
the  100-year  flood  level  should  be  the  criterion.  Then,  if  you  optimize 
a  flood  protection  project  at  a  15-year  flood  level,  you  would  raise  (flood 
proof)  the  structures  to  the  100-year  not  15-year  level." 

This  position  creates  further  questions  for  those  structures  between 
the  15-year  and  100-year  flood  levels.  Consistency  dictates  that  those 

0~)  The  following  section  paraphrases  written  comments  provided  by 
South  Atlantic  Division,  3  May  1978. 


41 


/ 


structures  should  also  be  raised  to  the  100-year  level  for  equity. 
However,  in  following  this  reasoning,  no  flexibility  is  allowed  in 
plan  formulation,  because  the  entire  100-year  floodplain  must  be 
flood  proofed  if  any  part  of  it  were  to  be  flood  proofed.  Further, 

because  flood  proofing  is  usuallv  feasibly  only  at  levels  approximating 
the  10-  to  15-vear  flood,  if  at  all,  this  formulation  criterion  results 
in  a  project  without  a  favorable  benefit-cost  ratio.  The  Peachtree- 
N'ancy  Creek  project,  formulated  with  the  current  combination  of  flood 
proofing  and  evacuation,  has  an  estimated  benefit-cost  ratio  of  1.00. 

LOCAL  ACCEPTANCE 

General 


Just  as  the  impetus  for  improved  water  quality  and  sewage  treat:.':.! 
plants  stems  from  regional  and  national  interests  which  essentially 

compel  reluctant  municipalities  to  upgrade  their  sewage  treatment  facili¬ 
ties,  the  drive  for  nonstructural  flood  damage  reduction  alternatives 
stems  from  national  and  regional  rather  than  local  interest.  Compared  tr 
downstream  interests,  a  municipality  benefits  relatively  little  from 
improving  its  sewage  handling  capabilities.  Similarly,  compared  to 
the  anticipated  national  benefits  from  most  nonstructural  alternatives, 
the  individual  community  usually  perceives  that  it  pays  most  of  the 
costs  and  receives  few  of  the  benefits. 

Some  community  representatives  believe  that  floodplain  zoning 
and  the  Federal  insurance  program  work  to  deny  a  community  the  right 
to  develop  portions  of  its  land  with  possible  lost  population,  jobs, 
and  business.  Local  officials  and  residents  may  not  appreciate  the 
effect  these  measures  have  on  reducing  future  flood  damages. 

Floodplain  evacuation  works  like  an  accelerated  program  of  flood- 
plain  zoning  to  remove  or  destroy  existing  floodplain  developments, 
again  essentially  denying  that  land  to  the  types  of  potential  future 


(1)  The  dilemma  of  forcing  flood  proofing  measures  on  unwilling  propertv 
owners  is  evident  here  as  it  was  at  Prairie  du  Chien. 
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development  preferred  by  many  local  interests.  It  provides  the  land  for 
a  future  park  or  other  recreation  area,  but  also  removes  the  property 
from  the  tax  rolls.  Not  all  of  the  displaced  residents  will  relocate 
in  the  same  community,  with  the  result  that  the  town  pays  some  of  its 
inhabitants  to  move  away. 


Flood  proofing  provides  for 
plain  lands,  and  therefore  meets 
community  for  economic  reasons, 
the  unknown  aesthetic  effects  on 


enhanced  or  intensified  use  of  flood 
with  greater  acceptance  from  the  tot 
On  the  other  hand,  some  residents  fe 
their  properties  and  neighborhoods. 
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In  contrast,  structural  measures  may  enhance  the  value  of  community 
floodplain  property.  In  the  case  of  a  reservoir  with  widespread  benefits, 
this  increase  in  a  community's  land  values  could  come  with  little  or  no 
direct  financial  cost  to  the  community.  Similarly,  increased  floodplain 
land  values  may  accrue  when  smaller  reservoirs,  levees,  or  channel 
modifications  reduce  the  degree  of  flooding  in  a  community.  Fven  in 
those  local  protection  projects,  where  the  non-Federal  sponsor  bears 
significant  local  costs,  the  costs  are  only  a  part  of  total  costs  and 
are  generally  less  than  the  local  benefits.  With  the  perceived  benefits 
received  for  relatively  minimal  local  costs,  local  interests  usually 
prefer  structural  flood  control  measures. 


Floodplain  communities  tend  to  reject  nonst ructural  flood  damage 
reduction  alternatives  which  concentrate  on  floodplain  evacuation  or 
floodplain  zoning  in  favor  of  structural  options  because  they  question 
the  benefits  in  relation  to  the  costs  to  the  community  of  denying  future 
intensive  use  of  their  floodplains.  Those  few  communities  which  have 
embraced  projects  featuring  significant  nonstructural  measures  have 
done  so  for  reasons  other  than  their  economic  preferences. 


The  question  of  attitudes  of  floodplain  property  owners  toward 
nonstructural  versus  structural  solutions  is  distinct  from  the  attitude 
of  the  community.  In  virtually  all  cases,  immediately  affected  floodplain 
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residents  and  other  property  owners  reject  tin  or 

floodplain  evacuation,  flood  proofing,  or  floodplain  zoning.  !o  i..< 
people,  the  choice  is  clear  -  a  structural  project  will  protect  then 

from  floods  and  allow  them  to  continue  living  their  chosen  life  stvj 

in  the  location  they  have  selected.  The  financial  costs  of  a  struc¬ 
tural  project  mav  or  mav  not  he  greater  to  them  or  their  communities 
than  a  nonstructural  alternative,  whereas  the  social  iJOStS  <TT C*  r- 

ally  much  less. 

In  this  way,  one  of  the  features  peculiar  to  nonstructural 
alternatives  (that  is,  the  social  costs  are  borne  primarily  hv  the 
beneficiaries)  makes  them  appealing  from  the  national  and  regional 
standpoint  hut  discourages  a  strong  demand  for  nonstructural  project? 
Because  the  system  of  project  conception  and  implementation  prim.-ri.lv 

depends  on  support  from  local  benefited  interests,  the  lack  c: 

ance  by  affected  communities  bodes  ill  for  future  nonstructural 
projects.  Floodplain  residents  and  businessmen  will  not  press  to 
restrict  their  eontro’  over  their  properties  or  have  themselves  moved 
from  their  properties  when  they  can  urge  such  costs  to  be  imposed  o 
others  (such  as  the  classic  example  of  upstream  farmers  displace!  f’ 
a  flood  control  reservoir  to  benefit  a  downstream  communitv). 

'Prairie  du  Chien,  Wisconsin 

In  Prairie  du  Chien,  a  floodplain  evacuation  plan  was  acrer  t  1 , 

to  the  local  community  only  because: 

1.  No  structural  alternative  was  viable. 

2.  The  flood  problem  at  the  time  of  project  formulation  and  in 
the  years  just  preceding  postauthorization  planning  was  espcci.tl.y 
severe,  predisposing  affected  individuals  to  accept  any  reasonable 

so  1 ut ion. 

3.  A  strong  chance  of  obtaining  financial  assistance  from  o t i 
Federal  sources  to  pay  part  of  the  non-Federal  share  of  proieet  cos;  ? 
existed. 

If  any  of  these  three  conditions  had  not  been  present.  Prairie  du 
Chien  probably  would  not  have  accepted  the  floodplain  evacuation-.-  Cv 
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proofing  plan  that  is  now  being  implemented.  Even  so,  some  residents  of  i h 
evacuation  zone  are  opposed  to  mandatory  evacuation,  primarily  those  few  at 
significantly  higher  elevations  than  their  neighbors.  Similarly,  manv  resi 
dents  outside  the  floodplain  oppose  apparently  direct  payments  to  improve 
only  the  well-being  of  floodplain  inhabitants.  If  mandatory  evacuation 
had  been  pressed  at  notably  higher  levels  of  protection,  in  accord  with 
levels  commonly  sought  for  structural  projects,  local  acceptance  would 
have  been  outweighed  by  the  resistance  of  those  at  higher  levels  in  tin 
floodplain  who  would  be  unwilling  to  be  legally  removed  from  their  homes 
for  perceptibly  less  reason  than  their  lower  neighbors.  Mandatory  flood 
proofing  would  also  have  been  resisted  by  a  number  of  higher  level  flood- 
plain  property  owners,  though  probably  fewer  than  would  oppose  evacuation. 
In  sum,  even  for  a  community  exceptionally  adapted  to  an  evacuation  alter¬ 
native,  a  fine  line  separated  local  acceptance  from  rejection. 


Baytown,  Texas 

In  this  coastal  region  afflicted  with  deep  subsidence,  the  flood 
problems  are  so  severe  that  the  flood  victims  are  willing  to  consider  ar.v 
practical  solution.  Aware  that  the  subsidence  will  continue  and  that 
structural  measures  will  not  provide  a  solution,  floodplain  residents  ur< 
generally  willing  to  accept  total  evacuation  as  the  best  answer  to  their 
deteriorating  situation.  However,  the  rest  of  the  community  must  help 
fund  the  proposed  project  and  may  or  may  not  be  willing  to  undertake  the 
local  financial  burden,  now  estimated  at  about  $7  million.  The  larger 
community  perceives  few  benefits  to  itself  from  the  proposed  evacuation 
project  even  though  it  is  sympathetic  to  those  unfortunate  enough  to 
live  in  the  sinking  floodplain. 

Peachtree  and  Nancy  Creeks,  Georgia 

The  floodplains  along  these  creeks  have  not  suffered  severe  flooding 
in  recent  history,  a  factor  which  complicates  acceptance  by  local  resident1- 
of  any  plan  calling  for  removal  from  their  homes  or  major  alterations  :o 
their  properties.  This  area  is  one  of  the  most  attractive  in  the  greater 
Atlanta  metropolitan  region  and  possesses  some  of  the  nicest  homes,  which 
tend  to  directly  border  on  the  creeks.  The  well-to-do  residents  of  thes. 
areas  are  politically  knowledgeable;  some  have  organized  to  oppose  mandat  r 
evacuation  or  flood  proofing  of  their  expensive  homes. 
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This  photograph  shews  flooding  along  Peachtree  Creeh  <n  A tl an *a 
vvwu,  in  1176.  The  houses,  extensive  tree  cover,  and  general 
aspects  of  the  neighborhood  reveal  the  high  quality  of  tl: is  ore: 
spite  the  deed  threat.  It:  recent  decades,  the  Peach taci  and  Haney 


(.'‘.v'cs  -.eater shed  has  net  been  flooded  to  a  level  greater  than  oven- 
a  1C -year  fined.  kl.th  tats  flood  history,  it  is  small  e.'er.de  r  trad 


tr.e  owner  s  of  the  f<ne  properties  in  the  center  of  the  picture  ar. 
■Mud  cling  to  be  removed  from  the  or  hemes  or  have  their  houses 
altered  by  flood  proofing.  They  hnow  that  there  has  been  no  flood 
comparable  to  the  10C-uear  flood  in  the  recorded  past  and  tha *  such 
a  flood  may  net  occur  in  their  lives.  Thus,  many  floodplain  p- ope  " ' 
.■■vui’U  resist  the  relatively  drastic  changes  in  their  loves  call'd 


for  ihj  the  proposed  project. 

In  Similar  floodplauiS  around  the  country,  where  the  qu.a  * « 
of  properties  ’"cojis  high  flood  damages  and  a  possible  benefit  cos  ■ 
ratio  greater  than  unity,  that  same  quality  of  housing  teih  male 
residents  eher.es h  it  more  and  resist  widespread  evacuation  or  flood 
proofing.  In  these  cases,  residents  wiZl.  naturally  press  for 
structural  measures  that  nil l  not  affect  their  life-styles  in 
prefe  w.nze  to  nous  tr natural  measures  that  mill. 


I Photograph  courtesy  of  South  Atlantic  Division) 
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An  early  version  of  the  proposed  project  called  for  the  evacuation 
of  only  a  few  structures  and  flood  proofing  of  the  rest.  Reaction  at  a 
public  meeting  to  discuss  the  plan  suggested  that  many  residents  would 
oppose  flood  proofing  of  some  homes  because  of  appearance  and  other 
factors.  It  was  suggested  at  this  meeting  that  8  feet  above  grade  be 
used  as  the  criterion  for  the  maximum  raise;  the  project  was  modified 
accordingly.  As  a  result,  the  number  of  properties  planned  for  evacua¬ 
tion  increased  to  more  than  200  (from  the  area  which  would  require 
more  than  8-foot  raises).  New  opposition  was  aroused  from  those  now 
scheduled  for  mandatory  removal.  With  substantial  opposition  from 
organized  groups  within  the  project  area  and  a  local  price  tag  approxi¬ 
mating  $10  million,  local  acceptance  of  this  project  is  questionable. 

ECONOMIC  FEASIBILITY 

Numerous  analyses  performed  by  Districts  around  the  country  have 
demonstrated  that,  using  traditional  economic  analyses  and  current 
methods  for  benefit-cost  ratio  computations,  only  a  limited  number  of 
potential  project  sites  will  have  economic  feasibility  for  flood 
proofing  or  evacuation  projects  at  levels  of  protection  normally  pro¬ 
posed  for  urban  areas.  A  somewhat  larger,  but  still  small,  number  of 
project  sites  will  possess  benefit-cost  ratios  greater  than  unity  at 
very  low  levels  of  protection. 

The  Hydrologic  Engineering  Center,  in  a  studv  of  the  technical 
aspects  of  nonstructural  alternatives,  concluded  that  economic  feasi¬ 
bility  for  evacuation  or  flood  proofing  alternatives  might  be  demon¬ 
strated  at  the  10-  to  lo-vear  level  of  protection,  where  detailed 
analysis  is  warranted. ^  This  study  also  revealed  that  detailed 
backup  analytical  data  explaining  why  nonstructural  measures  for  most 

potential  projects  were  rejected  are  generallv  not  available  from 

(2) 

published  project  reports. 

(1)  The  Hydrologic  Engineering  Center,  "Estimating  Costs  and  Bene¬ 
fits  for  Nonstructural  Flood  Control  Measures,"  October  1975. 

(2)  17  May  1978  letter  from  the  Hvdrologic  Engineering  Center  to 
St.  Paul  District. 
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Despite  the  lack  of  data  on  the  many  clearly  infeasible  nonstruc- 
tural  projects,  the  10-  to  15-year  level  of  protection  corresponds  well 
to  the  experience  of  St.  Paul  District  in  its  nonstructural  analyses 
and  information  gained  from  other  Districts  with  similar  experience. 

It  is  debatable  whether  projects  formulated  to  the  ]0-  to  15-year  level 
of  protection  provide  a  significant  solution  to  the  flood  problems  of 
most  communities. 

One  reason  nonstructural  projects  seldom  show  economic  feasibility 
was  stated  by  a  participant  at  a  September  1978  meeting  in  Chicago  con¬ 
cerning  nonstructural  alternatives.  In  the  case  of  evacuation,  the 
entire  property  must  be  acquired  to  protect  onlv  that  portion  of  the 
property  which  is  subject  to  flood  damages.  In  essence,  existing  and 
relatively  intensive  (and  damage  prone)  use  of  a  floodplain  may  not  be 
the  highest  and  best  use  of  the  land,  but  it  may  produce  a  net  economic 
income.  Evacuation,  with  conversion  of  acquired  land  to  open-space 
parkland,  actually  creates  a  lower  and  less  economically  efficient  use 
of  the  floodplain.  This  excludes  certain  environmental,  social,  and 
aesthetic  benefits. 

Flood  proofing  is  often  economically  infeasible  primarily  because 
it  involves  modifying  existing  structures,  a  process  which  is  always 
less  efficient  than  when  flood  proofing  is  accomplished  as  a  part  of 
the  original  construction.  Nevertheless,  flood  proofing  is  clearly 
less  expensive  than  permanent  evacuation  and  preserves  the  existing  use 
ot  the  floodplain  with  reduced  flood  damages.  Despite  the  technical 
uncertainties  about  the  effectiveness  of  flood  proofing,  flood  proofing 
has  better  prospects  for  economic  feasibility  than  does  floodplain 
evacuat ion . 

Those  instances  where  floodplain  evacuation  or  flood  proofing  is 
most  economically  feasible  are  in  areas  having  a  serious  misal locat ion 
of  resources.  These  situations  occur  in  flood  prone  regions  mainly 
under  the  following  conditions: 
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1.  Ignorance  of  an  area's  true  potential  flood  threat .  Inis 
!  ink  of  knowledge  could  arise  from  lark  of  available  information  '  n 
flood  history  or  a  statistically  unusual  recent  flood  record. 


J.  Unexpected  changes  in  an  area's  hydrology  which  can  result 
i  rot.  such,  tilings  as  upstream  urbanization  or  ground  subsidence. 

i.  A  comparative  low  income  level  which  induces  people  with 
little  capital  resources  and  shortened  time  horizons  to  invest  in 
:  Vo.'.plains  because  it  is  cheaper  in  the  short  term  even  though  it  may 
he  more  cost'."  in  the  longer  term. 

■  » he  protect  sites  reviewed  for  this  study,  Peachtree  and  Nancy 
UreeKS  seem  tc  fit  into  category  1;  Baytown  fits  into  category  _ . 
at:  Prairie  du  Union  and  Midland  fit  into  category  3. 

The  lack  of  economic  feasibility  as  determined  by  the  benefit-cost 
ritio  applied  to  water  resources  projects  is  the  critical  factor  in 
prevent ine  Federal  part icipat ion  in  the  development  and  implement  at ;  u 
'  ".i  r- :  ru,  :  ur  a !  nroforts.  Kconomic  feasibilitv  problems  stem  fro;: 

. ;  gb.  pur.  base  costs  which  are  site  specific  to  'he  damaged  :nits 
:  i  ted.  Vhen  structures  are  removed  from  the  floodplain,  1  a .  r 

••■.it  values  for  land  and  structures  become  project  costs.  These 
\.  ing  i  1  iicdp '.  a  in  values  for  land  and  struct -ires  when  annualized 

■  ■Vi  r  the  life  oi  i  flood  damage  reduction  project  will  usually  be 
greater  than  t  he  average  annual  reduction  in  flood  damages, 

ihe  frequency  of  flooding,  location  of  structures  in  tic  f ioad;  lair., 
and  values  of  structures  determine  how  dose  to  feasibility  an  evacuation 
alternative  may  be.  Using  typical  depth-damage  relationships  data 
(figure  l),*'^  and  a  generalized  e levat ion- f requency  curve  (figure  2),  a 

M)  similar  relationships  are  used  throughout  the  Corps  and  by  other 
water  resource  agencies. 
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typical  pattern  of  expected  average  annual  damages  follows.  These 
variables  acting  together  are  shown  graphically  on  figures  3  and  4, 
respectively.  Two  residential  structures,  one  valued  at  $15,000  and 
the  other  at  $50,000  have  been  assumed  to  be  located  at  the  ] 0— ,  20-, 

50- ,  and  100-vear  ground  elevations.  Table  2  uses  this  relationship 
for  a  1-acre  hypothetical  evacuation  project.  In  an  actual  project 
area  a  diversity  of  structures  (location,  value,  unique  design)  con¬ 
ceals  the  surplus  or  deficit  in  flood  damage  reduction  benefits  which 
erch  individual  residential  unit  contributes.  In  the  simplified  example 
homogeneous  units  compared  with  typified  costs  adequately  demonstrate 
that  the  economic  break-even  point  will  generally  occur  near  the  15-year 
flood  elevation  (table  1).  More  expensive  houses  are  more  easily 
justified,  particularly  if  below  the  20-year  flood  elevation,  and  if 
relocated  rather  than  demolished.  Relocation  retains  or  restores 
intrinsic  values.  If  a  house  is  structurally  unsound  or  cannot  be 
physically  moved,  economic  feasibility  can  be  improved  by  salvaging 
materials.  To  a  lesser  degree,  some  of  the  existing  value  of  flood- 
plain  property  is  thereby  retained. 
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A  remaining  significant  source  for  major  project  benefits  stem- 
from  the  useful  purpose  to  which  vacated  floodplain  land  may  be  dedi¬ 
cated.  Land  used  for  open  space  or  general  recreation  will  generally 
provide  only  limited  project  benefits.  Inasmuch  as  economic  feasi¬ 
bility  based  on  flood  damage  reduction  is  usually  marginal,  significant 
benefits  from  the  floodplain  land  in  a  new  use  may  be  critical  to  a 
favorable  benefit-cost  ratio.  The  principle  involved  is  the  maintenance 
or  restoration  of  economic  values  while  still  conforming  with  good 
floodplain  management  practices. 

In  summary,  evacuation  and  relocation  project  economics  can  bo 
improved  by: 

1.  Relocating  and  restoring  structure  value  at  a  new  flood- 
free  site. 

2.  Decreasing  project  costs  by  salvaging  materials  from 
demolished  structures. 

3.  Developing  the  highest  compatible  economic  use  for  the 
floodplain. 
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DISCUSS  I Or’  AND  CONCLUSIONS 


GENERAL 

Very  few  Corps  nonstructural  flood  control  projects  are  In 
place,  under  development,  or  being  studied.  This  lack  of  nonstruc¬ 
tural  projects  appears  to  be  inconsistent  with  statements  made  by 
the  President  and  the  Chief  of  Engineers  to  fully  consider  and  em¬ 
phasize  nonstructural  solutions  to  the  problems  of  flood  prone 
communities.  Many  people  infer  from  this  inconsistency  that  the 
Corps  and  other  agencies  can  implement  nonstructural  projects  but 
are  unwilling  to  do  so.  This  inconsistency  results  in  criticism 
from  many  quarters  that  the  Corps  is  laggard  in  its  implementation 
of  the  presidential  directive.  However,  when  current  policies  and 
procedures  are  followed  in  an  attempt  to  comply  with  that  directive, 
the  ultimate  result  is  either  large  numbers  of  token  analyses  of 
nonstructural  alternatives  or  much  wasted  effort  in  producing  details 
of  infeasible  plans. 

In  recent  years,  the  Corps  has  tried  tc  make  the  consideration 
of  nonstructural  alternatives  equal  to  that  provided  for  structural 
measures.  This  goal  is  highly  desirable  in  many  ways,  but  under 
current  procedures,  it  has  resulted  in  a  few  Corps  implemented  non¬ 
structural  projects.  Current  policy  obscures  key  differences  between 
the  two  approaches:  structural  alternatives  are  flood  control 
measures  with  most  costs  and  benefits  measurable  in  monetary  terms; 
nonstructural  measures  are  flood  damage  control  measures  with  often 
distinctly  different  inputs  and  outputs. 

Over  several  decades,  the  consideration  of  Corps  reservoirs  as 
single-purpose  flood  control  structures  has  evolved  into  today's 
multipurpose  projects  which  produce  hydropower,  water  supply,  recrea¬ 
tion,  and  irrigation  benefits  as  well  as  flood  control.  Nonstructural 
measures  have  been  formulated  almost  exclusively  for  flood  damage 
reduction.  Yet,  because  these  nonstructural  measures  alter  land  use 
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in  developed  urban  areas,  thee  offer  the  potential  of  redesigning 
tin-  t  loodplain  toward  an  optimum  mix  of  environmental,  aesth.-t  i  <• , 
and  economic  purposes.  Given  the  opportunity  made  possible  hv 
extensive  floodplain  acquisition,  nonstructuml  protects  need  to 
attain  the  Sam  maturity  shown  by  multipurpose  reservoirs  and  meet 
needs  beyond  those  of  flood  damage  reduction. 

These  considerations,  treated  in  greater  detail  in  the  follow¬ 
ing  pages,  result  in  the  conclusions  outlined  below: 

CONCLUSION  1  -  ECONOMIC  /ANALYSIS:  Many  benefits  of  flood  damage 
reduction  projects,  especially  those  which  cause  people  to  advocate 
nonst: ructural  alternatives,  are  not  included  in  benefit-cost  ratios. 

CONCLUSION  2  -  DISASTER  RESPONSE  CAPABILITY;  The  optimum  time  to 
acquire  property  in  flood  prone  areas  Is  immediately  after  a  damaging 
f ! ood . 


CONCLUSION  3  -  CHANGE  IN  PLANNING  CRITERIA:  Although  desirable,  it 
;s  nearly  impossible  to  consider  and  determine  the  fate  of  indivLh,  ' 
structures  in  the  planning  stage  of  a  major  Federal  project. 

CONCLUSION  4  -  OPTIMUM  FLOODPLAIN  USE:  Most  nonst ructural  planning 
considers  abandoning  floodplains  as  major  economic  resources. 

CONCLUSION  5  -  AWARENESS  OF  NONSTRUCTURAL  LIMITATIONS:  A  significant 
lack  of  knowledge  exists  among  water  resource  planners  and  the  gen.  ra 
public  regarding  the  cha racterlstics  of  nonstructural  alternatives, 
especially  flood  proofing  and  floodplain  evacuation. 
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i’r.'j  .  ct  e;  onomie  analysis  shoal d  re.  >gr.  i  z>  t  hat  r.at.  •••  • 

t!..od  proofing  md  !  1  ip  1  ai :  ■  v  •.  i.  •  .  r  ■ 

and  regional  and  do  not  aieo  t  goals  Intrinsi.  ;  >  t pr«  *■  r  *:  t  <. 
.->pe i  f  i  pro  jo  ot.  t’rocedent  exists  in  ourr-n:  reg  .1  at  i  \~  •  r  •  : 
ing  various  projoot  costs  from  the  economic  analyst-.  r  .<  a:  .■• 
the  nx'St  important  exclusion  for  evacuation  projects  has  •  ,  :  :  , 

deletion  of  replacement  housing  payments  made  in  aceordatna 
Uniform  Relocation  Assistance  and  Real  Properties  Acquis i t i  n  i.  ' 
Act  of  19  70  (Public  Law  91-646).  Up  to  $15,000  in  proje  •>.  c  s  • 
e  i oh  displaced  resident  homeowner  is  considered  a  financial  i  os : 
be  paid,  but  not  an  economic  cost  charged  to  the  project  bem-f : t- 
ratio.  Although  this  exclusion  of  cost  from  the  benefit. -i  s. t  rat 
ipp !  i  es  t  ••  ill  projects,  it  is  particularly  important  for  ;  l.o.ipl 
evacuation  projects  since  real  estate  costs  are  such  a  large  part 
*  'tai  urolect  costs. 


Inclusion  ot  the  above  costs  f rom  the  benefit-cost  rat  i  1  b.  is 
[-•■•..•n  dorps  pc  1  i cy  for  several  years  and  has  been  restated  recent  !v 
•'  -r  ao'.'.t  inued  applicability  to  floodplain  evacuation  pre'e  ts  ir 
i'K  lliLi-d-353.  ether  precedent  for  cost,  exclusion  is  four. o'  ;n  - 
l-o-j-l 17,  "Responsibility  for  Costs  of  Improved  Standard*  ■"  • g 

and.  lions  in  a  Relocations,"  which  deals  with  costs  associated  wi  t 
hignway  Iv.-t  t  errvnts  as  wt- 1  1  as  replacement  housing  payments  .  big:.' 
betterments  are  cons  i  do  red  to  benefit  people  outside  the  prov  •  a 
tv-  a  use  t  !■•<•>•  prov  Me  safety  and  other  benefits  that  are  :i  ff  i ,  til  t 
to  quantify,  the  benefits  are  assumed  to  be  at  least  equal  to  tor 
os  t  a .  1  he  re  fore,  tin  costs  and  benefits  are  i-Xi  1  tided  ‘'rom  •  • 

bene  !  it-  c  os  t  rat  i o. 

Many  outputs  associated  with  civil  works  projects  have  not  be 
and  cannot  :  <■  quantified  at  this  time.  Some  of  these  outputs  are 
bene  *  it-i.il  ;  others  are  detrimental.  inly  those  outputs  which  can 
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quantified  and  put  into  monetary  terms  are  included  in  the  benefit- 
cost  analysis.  The  justification  for  excluding,  the  specific  costs 
noted  above  is  that  the  authorization  for  spending  funds  for  those 
purposes  is  in  lacs  not  relating  to  specific  projects  or,  in  the 
case  of  Public  Lav  4 1-646 ,  not  relating  in  any  special  manner 
to  water  resources  development.  The  judgment  of  the  Nation,  ex¬ 
pressed  through.  Congress,  is  that  these  benefits  are  worth  the 
c  os  t  s . 


fact:  year,  the  Federal  budget  includes  large  sums  spent  to  achieve 
a  wide  variety  oi  goals  -  money  spent  without  any  benefit-cost  analysis 
hot  whose  benefits  are  deemed  w\  rt hy  of  the  costs  incurred.  Water  re¬ 
source  projects,  pari  :  ultrl those  including  r.onstruotural  measures, 
produce  various  outputs  idea: i  m!  t  >  those  s  -ught  bv  other  separately 
funded  nitional  programs  not  .  on  - 1  rain*  d  •••.••fit  -cost  analysis. 

These  projects  should  have  costs  allocat'd,  t  .  •  !.•  st  ;  ur;  oses  separately 
identified  and  excluded  tree  the  n.*ne  fit-  >s  •  rat  i  '.  The  bane  f  1 1 -cos  t. 
ratio  should  measure  only  monet.irv  inputs  in  or-  1  •  a-  -  n.  ;  ary  outputs 

l  f  adopt  <•  «uoh  o.  p  r  i  n  i ;  !  -h  : ;  :  ;pt  i  a  1  1  ■  •:•  r  resoure. 

projects,  structural  as  well  as  nons:  re.  •  -iral  .  v  nr-  f.  at  are-*  of 
struct  ttral  pr  •  jects  are  included  for  reason-  of  human  -afety ,  aesthetic 
or  other  desirable  purposes.  The  cos t s  of  these  features  should  not 
he  included  in  the  evaluation  of  a  project  that  would,  he  economically 
efficient  if  it  were  formulated  only  for  the  national  economic  develop¬ 
ment  objective.  The  classic  example  of  noneconomic  considerations 
lowering  the  benefit-cost  ratio  of  structural  projects  is  the  policy 
• o  increase  the  levi  1  of  protection  to  that  of  the  standard  project 
;  loo.)  or  some  other  ext  ret**  lv  low  frequency  event.  <’f  course,  these 
increases  mav  he  made  for  vet*'-’  valid  police  reasons,  such  as  human 
safety.  Nevertheless,  the  economic  analyses  could  state  that  a  given 
project  has  a  bene f i t-cos t  ratio  opt  1  mined  hy  engineering  at,  say, 
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1.9  and  note  that  a  benefit-cost  ratio  of  1.1  results  only  after 
various  noneconomic  decisions  have  added  more  to  project  monetary 
cost s  than  benefits. 

The  impact  of  this  change  in  calculating  benefit-cost  ratios 
could  be  very  significant  for  structural  projects.  For  nonstruc- 
tural  projects,  which  are  pursued  primarily  for  noneconomic  reasons 
relating  to  national  environmental  and  social  well-being  goals,  the 
effects  would  be  far  more  profound.  At  Peachtree  and  Nancy  Creeks, 
for  example,  logical  reasoning  extended  a  design  level  of  flood 
proofing  from  the  15-year  floodplain  to  the  100-year  regulatory 
floodplain  to  provide  for  social  equity  and  compatibility  with  the 
national  flood  Insurance  program.  However,  the  true  benefit-cost 
ratio  lies  at  the  15-year  economic  optimum.  Social  and  other  non¬ 
monetary  considerations  which  increase  water  resource  project  costs 
should  not  distort  the  benefit-cost  ratio  of  a  project. 

Recent  events  in  the  Kickapoo  River  valley  of  Wisconsin  provide 
a  prominent  example  of  how  a  variety  of  social  goals  promoted  by 
several  Federal  and  State  programs  could  have  been  achieved  by  a 
multipurpose  water  resources  project  evaluated  in  this  way.  Once  the 
La  Farge  L >m  project  appeared  to  have  been  stopped,  residents  of 
this  valley  were  still  faced  with  major  flood  problems.  Communities 
were  also  declining  economically  because  of  these  flood  problems,  as 
well  as  for  other  reasons. 

The  major  flood  of  1978  focused  renewed  attention  on  this  region. 
The  village  of  Soldiers  Grove  was  able  to  capitalize  on  that  attention 
and  received  grants  from  several  different  Federal  agencies  for  re¬ 
building  the  community  outside  ie  floodplain.  The  funds  provided 
by  these  Federal  agencies  were  not  limited  or  even  related  to  purposes 
producing  a  favorable  economic  benefit-cost  ratio,  yet  they  were  given 
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'•’■'111'  rht-  full  supper*  of  Wisconsin's  political  representatives  and, 
no  doubt,  ’thor  national  leaders.  Each  grant  is  focused  on  achiev¬ 
ing  the  goals  of  a  given  agency  and,  collectively,  the  grants  do 
not  provide  a  complete  solution  to  the  problem.  Under  the  proper 
authority  and  procedures,  one  agency  could  have  worked  to  imple¬ 
ment  a  single ,  coordinated  and  comprehens i ve  plan  that  would  have 
produced  better  results. 

Contrary  to  the  expectations  of  many,  a  change  in  benefit-cost 
■anal  vs  is  would  not  result  in  an  unlimited  demand  on  the  Federal 
Treasury,  either  for  structural  or  nonstructural  projects.  If  cur¬ 
rent  cost-sharing  procedures  are  followed,  local  interests  will  have 
to  contribute  significantly  to  proposed  projects.  Unlike  many  other 
Federal  programs,  this  cost  sharing  feature  will  serve  to  limit  proj¬ 
ects  and  the  flow  of  Federal  dollars  to  areas  where  the  local  desire 
is  strong  enough  to  pay  some  of  the  cost.  For  nonstructural  projects 
in  particular,  this  change  in  accounting  would  not  result  in  a  vast 
number  of  projects  because  most  local  communities  do  not  perceive 
these  projects  to  be  especially  in  their  interest  as  currently 
formulated.  However,  such  a  change  in  economic  analysis  would 
be  necessary  to  permit  more  widespread  Federal  participation 
where  these  projects  are  truly  wanted. 

Altering  one  side,  of  the  benefit-cost  ratio  would  increase  the 
number  of  potential  projects  which  survive  the  agency  screening 
process.  However,  the  ultimate  decision  on  which  projects,  and  how 
many,  receive  funding  would  still  rest  with  the  Congress  and  the 
Fresi dent . 

Many  attempts  have  been  made  to  quantify  into  monetary  terms 
the  so-called  Intangible  benefits  and  costs  associated  with  environ¬ 
mental,  aesthetic,  anil  social  well-being  impacts.  Several  different 
systems  to  quant i fv these  impacts  exist;  some  are  in  limited  use  by 
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cet tain  agencies.  The  major  defect  in  all  of  t  hese  svst  ems  is  that 
oach  is  subject  to  ludgmental  determinations  which  ran  vary  signifi¬ 
cantly  from  person  to  person  and  agency  to  agency.  Tims,  none  of 
these  systems  has  universal  or  even  widespread  acceptance. 

By  following  the  established  principle  of  acknowledging  the 
responsibility  of  the  Nation's  political  leaders  to  adjudi *  ate  ratters 
of  opinion  not  susceptible  to  factual  analysis  by  experts,  tin  modi¬ 
fied  evaluati '-n  would  result  in  resolving  the  national  Interest  i  r. 
these  projects  at  the  political  rather  than  the  bureaucratic  level. 
Systematic  analysis  by  the  responsible  agency  would  still  be  critical, 
but  the  decisions  on  intangibles  would  be  made  by  those  elected  to 
make  these  decisions. 

DISASTER  RESPONSE  CAPABILITY 


To  at.:  in  •die  implement  at  ton  of  certain  nons  tructural  alterna¬ 
tives,  the  Corps  should  he  provided  with  continuing  authority  to 
move  quickly  after  disastrous  f ! oods  to  acquire  severely  damaged 
structures  and  remove  their,  from  the  floodplain.  For  several  decades, 
various  emergency  authorities  have  encouraged  private  reconstruction 
in  high  flood  hazard  zones.  This  situation  Is  changing.  Still,  no 
effective  mechanism  exists  to  acquire  and  remove  floodplain  structures 
at  the  moment  when  such  removal  would  be  most  painless  and  most  wel¬ 
comed  by  the  individuals  and  communities  concerned.  Authority  is 
needed  for  the  Corps  to  rapid lv  select  and  acquire  rational  units  of 
heavily  damaged  properties  that  are  in,  say,  the  15-vear  floodplain. 

An  acquisition  plan  of  this  tvpe  could  be  subject  to  the  approval 
and  cost -sharing  of  the  local  community  just  as  other  prelects  are. 

The  key,  however,  Is  speed  of  response.  Delays  of  more  than  1  or 
.’  months  might  he  ttv  long. 
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Rochester,  Minnesi  a,  was  the  site  of  severe  flooding  in  July 
l1)  7  8.  It  It  r.i  example  of  location  that  could  have  made  excellent 
us-  -> !  .1  continuing  authority  to  acquire  damaged  floodplain  proper¬ 
ty  s.  A  (*  tps  .-h.iP.P' •!  and  levee  prelect  is  planned  for  the  city 
and  some  ot  the  damaged  properties  were  likely  candidates  for 
eventual  acquisition  during  its  construction.  The  city  and  some 
rf  tile  aff-  eted  residents  c.isidered  local  acquisition  of  some 
properties  irar.iediatelv  after  the  flood,  hoping  that  the  acquisition 
could  he  included  as  part  of  their  cost-sharing  in  the  larger  project. 

Mien  the  Corps  could  not  give  any  such  assurances,  forcing  the  acqui¬ 
sition  to  be  a  totaly  local  expense,  enthusiasm  cooleu  and  only  a 
few  properties  were  acquired.  If  an  ongoing  program  had  existed, 
the  city  could  have  cost-shared  w-ith  the  Corps  to  remove  some  of 
the  most  flood  vulnerable  properties  that  are  now  being  rebuilt, 
similar  events  take  place  at  various  locations  around  the  country  each 
year. 

Such  a  program  could  he  implemented  through  the  Corps  or  under  the 

dire i t ioa  of  an  tutor1  ■  1 1  a  bod.  ra 1  disaster  organization.  In  either 

case,  its  appli.  it  ion  would  be  most  suitable  in  floodplains  where  the 

Corps  has  acquired  significant  knowledge  of  the  area  through  past  or 

( 1  > 

current  studies  an  I  protects.  No  other  agency  possesses: 

!.  file  'list  rut  ed  ahi  1  it  v  to  react  swiftly  in  times  of 
disaster. 

2.  Tin.  hydrologic  and  planning  expertise  to  quick l v  determine 
Sensible  acquisition  limits. 

(1)  Missouri  Rita  r  division  suggested  a  similar  authority.  The 
following  is  a  quot"  from  an  inclosure  to  its  12  December  1978  letter 
tii  St.  Paul  District:  "The  emergency  authority  suggested  could  be  expanded 
expanded  in  concept,  entitled  'continuing  authority',  and  Identified  as 
another  option.  This  option  in  concept,  would  authorize  t  Ho  develop¬ 
ment,  in  cooperation  with  local  interests,  of  a  long  term  plan  for  the 
ultimate  solution  ot  the  flood  damage  problem.  Nons t ructural  elements 
of  the  plan  such  i3  flood  proofing  and  permanent  removal  of  flood  plain 
structures  would  i>.  specified.  Whenever  specified  structures  are  placed 
on  the  market  by  the  owner  or  damaged  by  floods,  the  Corps  would  he 
authorized,  to  participate  with  the  local  sponsor  in  the  acquisition  of 
ttie  propertv  and  implementation  of  the  removal,  relocation,  or  flood 
proofing  as  specified  in  the  plan.  Other  components  of  the  plan  would 
ini  1  tide  emergin'’.-  evacuation  and  flood  plain  zoning." 
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3.  The  real  estate  capability  to  proceed  with  rapid  acquisition 
as  desired. 

The  above  discussion  focused  on  Corps  implementation  of  flood 
proofing  and  evacuation  as  now  formulated.  The  recommendation  based 
on  these  points  is  aimed  at  improving  the  chances  for  Federal  partici¬ 
pation  in  projects  where  these  alternatives  are  deemed  in  the  national 
Interest. 

CHANGE  IN  PLANNING  CRITERIA 

Nonstructural  alternatives  as  now  planned  are  designed  to  return 
developed  floodplains  to  a  relative  "state  of  nature."  A  natural 
floodplain  possesses  a  minimal  economic  value.  Therefore,  most  com¬ 
munities  eligible  for  nonstructural  alternatives  will  not  seek  such 
projects  unless  they  have  no  other  choice.  The  following  discussion 
is  focused  on  increasing  the  use  of  floodplains  as  an  economic  resource. 
Floodplains  form  important  parts  of  many  communities  and  the  Corps 
should  use  its  engineering  tale..ts  and  expertise  to  encourage  the  opti¬ 
mum  use  of  these  valuable  resources.  The  current  national  attention 
on  eliminating  human  improvements  within  the  floodplain  needs  to  be 
balanced  by  the  recognition  that  men  can  and  do  survive  and  thrive  in 
environments  both  more  harsh  and  more  hazardous  than  the  100-year 
floodplains.  Imagination,  engineering,  and  money  invested  in  safe 
economic  uses  of  the  floodplain  can  produce  important  dividends  to 
specific  localities  and  the  country. 

Residential  floodplain  areas  can  become  better  candidates  for 
feasible  nonstructural  projects  through  certain  changes  in  plan  formu¬ 
lation  criteria.  Currently,  in  feasibility  investigations  for  flood 
proofing  or  evacuation  alternatives,  each  structure  has  been  evaluated 
separately  for  economic,  structural,  and  social  feasibility  for  various 
flood  proofing  or  evacuation  measures.  Particularly  in  the  case  of 
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flood  proofing,  substantial  uncertainty  exists  as  to  which  measures 
can  be  applied  to  which  houses  and  how  the  legal  questions  sur¬ 
rounding  the  treatment  of  private  property  can  be  handled.  In 
addition,  during  the  public  coordination  stage,  economic  and 
structural  considerations  are  altered  by  a  negotiation  with  each 
affected  homeowner.  Such  negotiations  contribute  to  a  socially 
acceptable  plan.  Unfortunately,  they  must  be  painfully  repeated 
during  postauthorizat ion  planning,  often  with  different  property 
owners  and  on  several  different  occasions  as  the  extended  planning 
process  continues  through  many  years. 

A  single  change  in  planning  criteria  could  beneficially  affect 
current  difficulties  associated  with  economics,  local  acceptance, 
and  plan  formulation.  This  change  would  be  to  plan  for  public 
acquisition  of  all  properties  in  a  design  floodplain  proposed  for 
mixed  evacuation  and  flood  proofing  measures.  For  structures 
located  in  especially  severely  flooded  areas  (for  example,  the 
l'i-year  floodplain),  it  may  be  possible  to  make  the  general  state¬ 
ment  that  all  structures  are  probably  justified  for  evacuation, 
both  on  economic  and  social  well-being  grounds.  In  areas  of  less 
fr  quent  and  less  severe  flooding,  however,  it  is  often  impossible 
t.’  r> *•<_■> diet  the  optimum  measures  for  a  given  structure  without  the 
Kind  of  detailed  inspection  and  freedom  of  action  feasible  only 
when  that  structure  is  publicly  owned. 

l!  all  floodplain  improvements  were  to  be  acquired,  the  deci¬ 
sions  on  relocation  versus  flood  proofing  (and  on  the  nature  of  the 
flood  proofing)  could  he  made  on  more  objective  grounds  and  not 
strict lv  subject  to  the  emotional  views  of  private  homeowners. 
Following  public  acquisition,  the  appropriate  measures  would  be 
taken  for  each  structure. 
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Those  structures  to  be  flood  proofed  would  be  resold  after  flood 
proofing  to  private  parties.  First  preference  could  be  given  to  prior 
owners;  it  is  anticipated  that  most  would  take  advantage  of  the  op¬ 
portunity  to  remain  in  the  same  location  they  originally  chose.  An 
added  bonus  to  project  benefit-cost  ratios  would  occur  if  we  assume 
that  the  original  owners  repurchase  their  previous  dwellings.  In 
that  case,  much  of  the  cost  of  flood  proofing  could  be  paid  from  the 
category  of  replacement  housing  payments  of  Public  Law  91-646  and, 
therefore,  excluded  from  the  benefit-cost  analysis.  In  any  case,  if 
the  structures  for  flood  proofing  were  properly  selected  and  the  Job 
performed  well,  the  approximate  costs  of  acquisition  and  flood  proof¬ 
ing  should  be  recoverable  through  resale. 

Those  structures  least  suitable  for  safe  flood  proofing  are 
likely  to  be  those  bordering  directly  on  the  stream  in  question  and 
suffering  the  highest  damages.  Acquiring  and  removing  these  struc¬ 
tures,  thus  clearing  land  along  the  waterway,  and  making  easements 
available  to  the  remaining  (now  flood  proofed)  floodplain  structures, 
should  further  enhance  the  value  of  those  flood  proofed  units  for 
resale. 

The  whole  purpose  of  such  total  floodplain  acquisition  would  be 
to  create  a  planned  flood  proofed  comnunity  which  would  be  returned 
to  private  ownership  as  an  attractive,  well  thought  out,  water- 
oriented  environment.  A  project  of  this  kind  would  return  combined 
environmental,  aesthetic,  social,  and  economic  benefits  in  excess  of 
those  resulting  from  any  plan  that  includes  total  evacuation.  The 
attractions  of  this  national  policy  include  all  of  those  benefits 
accruing  to  the  local  community  plus  the  greater  willingness  of  com¬ 
munities  to  consider,  encourage,  and  participate  in  nonstructural 
solutions  which  do  not  adversely  affect  the  natural  environment  or 
the  everyday  lives  of  upstream  or  downstream  interests  far  removed 


from  the  project  site.  For  those  actually  living  in  the  project 
area,  the  social  impacts  would  be  no  greater  than  they  are  under 
current  plan  formulation  options.  In  addition,  residents  would 
know  that,  to  the  extent  physically  and  economically  possible: 

1.  Their  own  houses  would  be  preserved  in  their  present 
locations  for  future  occupancy,  and  they  would  be  able  to  choose 
to  live  there. 

2.  Their  community  could  be  preserved  for  continued 
occupancy . 

Another  promising  alternative  for  accelerating  the  long-term 
evacuation  of  floodplains  while  reducing  resident  opposition  to  a 
mandatory  project  involves  public  acquisition  from  willing  sellers 
as  properties  are  offered  for  sale  on  the  open  market.  Or,  public 
acquisition  and  removal  of  structures  could  be  insured  by  provi¬ 
sion  of  a  clause  incorporated  into  the  deed  of  flood  prone  proper¬ 
ties  giving  first  option  to  buy  to  the  local  government.  Such  an 
approach  would  involve  an  Indeterminate  length  of  time  for  complete 
floodplain  acquisition.  Often,  however,  the  time  could  be  less 
than  the  time  required  for  formulating  and  obtaining  approval  for 
a  mandatory  evacuation  plan.  In  Prairie  du  Chien,  for  example,  this 
approach  could  have  been  very  successful.  Complications  from  con¬ 
flicts  with  Federal  or  State  acquisition  laws  could  be  resolved  as 
needed  in  specific  cases. 

OPTIMUM  FLOODPLAIN  USE 

Many  of  the  Nation's  floodplains  are  in  or  near  the  downtown 
centers  of  large  and  small  urban  areas.  Early  settlements  were 
always  located  near  water  supplies,  and  the  combined  importance  of 
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rivers  as  sources  of  energy  and  modes  of  transportation  has  often 
meant  that  a  city's  first  residential,  commercial,  and  industrial 
developments  were  located  in  floodplains.  Many  of  these  areas  have 
since  been  protected  by  structural  works  of  various  kinds;  others, 
affected  by  the  passage  of  time  and  its  accompanying  floods,  have 
deteriorated. 

Floodplain  zoning  regulations  discourage  new  development  in 
such  areas  unless  it  is  adequately  flood  proofed.  Because  few 
interests  are  willing  to  make  the  substantial  investment  required 
for  a  new,  properly  flood  proofed  structure  in  a  neighborhood  other¬ 
wise  filled  with  older  and  deteriorating  buildings,  the  prospects  for 
any  new  development  in  these  floodplains  are  poor  until  existing 
development  has  totally  decayed  and  been  razed.  Yet,  because  of  its 
proximity  to  traffic  corridors  and  business  centers  and  the  aesthetic 
potential  of  its  natural  environment,  this  real  estate  has  great  in¬ 
herent  value  limited  only  by  the  realities  of  recurrent  flooding. 

Existing  development  of  such  floodplains  was  usually  made  under 
different  economic  conditions  and  with  limited  appreciation  for  actual 
flood  probabilities  and  severity.  As  such,  it  often  represents  a  mis- 
allocation  and  inefficient  use  of  the  Nation's  riparian  land  resources. 
The  Corps,  however,  as  the  Nation's  engineering  consultant  in  the  field 
of  water  resources,  could  plan,  design,  and  construct  economically  ef¬ 
ficient  floodplain  developments  in  conjunction  with  local  and  other 
interests. 
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This  photograph  is  of  the  floodplain  at  Midland,  Michigan. 

U'.'t < < c  not  precisely  average  this  or  similar  floodplains,  the 
scene  is  typical  of  the  inefficient  uses  of  the  Nation's  cider 
urban  floodplain s.  Most  were  developed  several  decades  ago. 

Their  housing  and  comcrcial  structures  are  older  than  the  aver¬ 
age  for  the  larger  eommuni ties  they  belong  to.  Repeated  flooding 
has  deteriorated  those  structures;  there  is  little  incentive  tor 
the  Olivers  to  maintain  or  upgrade  the*. 

Af  the  same  time,  as  the  Setting  for  this  house  sheas,  many 
e*  these  floodplains  him',  or  in  the  future  could,  possess  tine 
aesthetic  qualities,  hi  some  cases,  as  in  Midland,  the  optimum 
development  for  such  an  area  may  be  tor  recreational  uses.  In 
ether  cases ,  the  optimum  development  could  be  a  new,  welt  flood 
proofed  residential  or  commercial  neighborhood  planned  from  the 
beginning  to  be  adapted  to  the  hazards  and  advantages  of  the 
tiro i plain . 


I 


A  wide  variety  of  potential  developments  could  be  beneficially 
built,  as  wide  as  the  variety  of  urban  settings  combined  with  flood- 
plain  conditions.  Similarly,  varying  degrees  of  Corps  and  other 
Federal  involvement  in  furthering  such  development  are  desirable. 

It  is  also  true  that  no  intensive  redevelopment  is  either  practical 
or  desirable  for  many  floodplains,  just  as  many  sites  are  unsuited 
for  reservoir  or  levee  construction.  Nevertheless,  it  is  important 
that  Federal  policy  temper  its  current  emphasis  on  discouraging 
investment  in  every  floodplain  by  also  encouraging  proper  investment 
in  selected  floodplain  areas. 

Some  of  the  considerations  necessarily  involved  in  the  planning 
and  design  of  intensive  floodplain  redevelopment  are: 

1.  Minimal  vulnerability  to  flood  damages. 

2.  Minimal  impact  on  upstream  or  downstream  flood 
cond 1 t ions . 

3.  Maximum  adaptation  to  the  environmental  and  aesthetic  values 
of  floodplains. 

4.  Adherence  to  sound  economic  and  planning  principles. 

Minimal  vulnerability  to  flood  damages  would  mean  neither  zero 
flood  losses  nor  unacceptably  high  levels  of  losses,  but  rather  some  low 
level  of  residual  damages  which  are  more  than  compensated  for  by  the 
benefits  of  floodplain  occupation.  Engineering  considerations  dictate 
this  minimal  vulnerability  be  achieved  by  elevation  of  the  structure 
to  the  given  design  flood  level,  plus  whatever  additional  freeboard 
is  judged  necessary  for  a  factor  of  safety.  The  residual  flood  dam¬ 
ages  accruing  to  such  an  investment  in  an  office  building,  itself 
perhaps  totally  free  of  damages,  could  include  such  things  as  damage 
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to  ornamental  shrubbery,  mud  and  other  debris  on  the  grounds,  and 
::u‘  inconvenience  at  being  unable  to  use  a  neighboring  at-grade 
park !  :ig  lot  during  or  immediately  after  flood  events.  These  damages 
are  comparable  to  those  resulting  when  normal  uses  of  such  open-space 
floodplain  developments  as  golf  courses,  ball  fluids,  and  tennis  courts 
arc  temporarily  halted  during  periods  of  inuiuiat ion,  and  are  is 
ic ct? p  t  ib  le  . 

The  need  to  minimize  impacts  on  upstream  or  downstream  flood 
conditions  would  often  dictate  that  piers,  pilings,  or  other  verti¬ 
cal  suppoits  rather  tnan  till  be  used  to  achieve  the.  proper  elevation. 
s structures  would  not  obstruct  flood  flows  or  reduce  natural  flood 
storage  volume  appreciably  for  the  utility  gained  from  them,  just  as 
is  true  t or  the  thousands  or  highway  and  railroad  bridges  built  in 
and  across  tloodplair.s  nationwide.  This  type  of  construction  has  the 
idcr  i  :.m:  ur.-  or  creating  a  roofed  open-space  site  beneath  a  structure 
su  ■  o.b  :  or  just  nut  ic,  recreational  ,  or  other  ancillary  uses.  Im¬ 
port. mtl  v,  un ! I  go  trn-  use  or  till,  the  cost  of  elevation  by  means  of 
'■vr-‘  1  ’■  supports  does  not  rise  in  a  linear  fashion  because  some  struc¬ 
tural  uosign  mo  !ir i car  Jons  may  be  nearly  constant  tor  anv  reasonable 
rats,-. 

The  significant  environmental  and  aesthetic  values  of  floodplains 
ou,,:  be  preserved  and  enhanced  in  proposed  developments  for  reasons 
c  both  rational  policy  and  the  interests  of  the  specific  development. 
The  rent  ion  of  substantial  open-space  greenbelt  areas  surrounding 
structures,  the  preservation  of  vistas  and  access  to  the  nearby  stream, 
and  even  the  preservation  or  re-creation  of  wildlife  habitat  would 
all  greatly  enhance  the  attractiveness  of  these  developments  in  highly 
urban  surroundings.  These  areas  would  not  have  the  qualities  of  a 
pristine  wilderness,  but  they  would  be  superior  to  the  existing  environ¬ 
mental  values  in  manv  floodplains. 


I 
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A.lhe r.  iuv  !  - '  sound  phuining  principles  would  direct  floodplain 
development  aw  av  rem  ,,Ttni:i  areas  of  high  hazard  or  nth.  r  unsuitable 
si's  and  t.’war'.i  ait  as.  win*  re  pood  soil  conditions,  low  flood  velocities, 
.in.:  ot  !u  i  facrois  'a.  reuse  tile  relative  attractions  for  use,  l><  velop- 
nents  would  be  designed  and  bui  It  to  meet  real  demand,  and  construction 
would  he  staged  over  :  i  r.v  .  i'ses  and  areas  requiring  uninterrupted 
a.  cess  would,  be  provided,  access  as  needed,  whether  hv  footbridge, 
light  vehicle  roadway,  or  otiu-r  suitable  means.  Final  lv,  consistent 
application  of  local  cos  t-sliaring  requirements  would  ensure  that  such 
ccv.  1  pments  would  be  rru  !v  aimed  at  meeting  local  needs  and  desires. 

rite  rvpicul  results  e:  the  design  con  si  do  rati  ons  involved  in 
:  icodp  lain  dev.  lopmont  would  range  from  love  to  modi  urn  density  residen¬ 
tial  un i : s  in  smaller  communit les  to  high  density  office  and  commercial 
.erre  d  xes  in  rape r  metropolitan  areas.  In  all  cases,  emphasis  would 
oe  on  vert i cal  rather  than  horizontal  development.  The  added  costs  of 
prudent  floodplain  development  lie  basically  in  the  costs  of  elevated 
construct  ion.  i'he  land  required  for  such  development  is  loss,  reducing 
r.-.tl  estate  cos-  s.  Therefore,  nigh- rise  structures  surrounded  by  ab  un¬ 
tv:  t  open  space  would  Seem  practical.  Similar  developments  are  in  demand 
and  \  isible  in.  suburban  areas  across  the  country  because  of  the  amenities 
tie-,  provide  for  residential  and  commercial  activities.  In  floodplains, 
mi  ■  -on  <  i  c.erat  i  v.  would  re  in :  oroo  these  aesthotio  factors  to 
■  r.  \  s*rong  t.rd.nev  -or  this  tvp.  of  cents  *  rue  ti  on .  Appendix  A 

■or.:  .ins  .-rtisti.  m  ude  rings  of  sample  structural  typos  and  developments 
1  i )  ■  prove  sui:u  Y  tor  adaptation  to  a  variety  of  floodplains. 

1:  the  -epos  <  f  f !  o.  •  ■  proofed,  planned,  floodplain  dovol opmonts 
:  r  '  vi  her.-  ir  -  .  eonomi  ea !  1  v  feasible,  as  is  believed,  it  could  be 
■.  d  t ; :  o  sue,,  oat-i  i  .n  investment  would  be  undertaken  bv  the  private 
-■  .  -or.  tin.-  argumeu:  could  be  applied  to  dams  and  levees  which 

;  a  a,-.  as.-s  have  a  tua'lv  been  .-oust  ructed  hv  private  interests. 
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'Vi  -  r ,  the  Federal  Government,  (and  State  anil  local  governments  to 
!  r  degree)  possesses  unique  authorities  and  resources  to  acquire 
•:  i  .-.mi  p'v.’ivl  with  other  important  aspects  of  major  projects.  The 
n  iemnat  1  on  autheritv  ot  the  Federal  Government  and  the  technical 
pc  rt  !si:  of  the  corps  have  been  combined  to  produce  many  pro  jects  of 
eat  benefit  to  the  Nation.  I  he  same  ingredients  are  required  in 
rim:  proper  use  f  the  country's  floodplains. 


If  optimum  floodplain  economi  •  redevelopment  were  to  become  an 
•hori  :te.i  project  purpose,  for  Corps  water  resource  projects,  Corps 
.  o  i  vo  men  t  could  he  limited  to  planning  or  could  extend  to  design  and 
•  ruct  ion. 


a.  terms  .  •  planring  and  project  justification,  navigation 

cts  .  culd  '«*rv  is  examples  for  limited,  involvement  in  floodplain 
•lopner.t  .  The  Carps  designs  and  constructs  navigation  improve- 
t  o  :«  et  .  xpccleJ  demand.  Private  or  local  concerns  build  docking 
eland  t  aci  lit  i»~  .  .-.Ter.  these  l  aci  lities  are  used,  the  economic 

its  i  tni  arc  bet  ire  realized..  Corps  project  participation  in 
1 1  i  !  it  ies  is  limited  to  locument ing  the  need  for  and  interest 
v  - 1 .  >n  ir>g  i  i  a,  ;  1  ;  t  i es  . 

-.ing  its  technic  a!  .expertise  in  floodplain  conditions  and 
r:  '  ion  -or  .o-'s ,  the  >'  rps  could  he  more  actively  involved  with 
title-  >nd  other  agencies  in  planning  alternative  uses  for  the 
r.  e  :  ar-uis  .  ibis  part  id  pari  or.  could  include  structure  design 


.  .  ;">•  Corn-  could  also  lirect  construct  i  on.  This  involvement 

mi  cut  be  part  icularlv  rppropri at e  where  a  public  body.  Federal  or 
non- Federal ,  decided  to  locate  offices  in  such  an  area. 


At  what  ever  level  ,.t  invr  iveneut.  Corps  technical  adv.ee  md 
assist  ii  e  would  be  «•  il uahlc  to  <rher  agencies,  maniiipal  planning 
.  ommi  ss  i  -ns  ,  getting  admin  is  r  rat  ors,  and  engineers,  as  we  :  1  as  owners 
of  business  and  residential  properties. 
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Hu-  .i.'irptaniv  of  the  above  conclusions  would  represent  a  maior 
.  in  the  Federal  attitude  toward  the  true  meaning  and  potential 

>.  t  nous : met ura 1  alternatives  to  flood  control.  Rather  than  surrender¬ 
ing  all  or  much,  of  the  100-year  floodplain  to  nature  as  a  region  too 
Hazardous  for  human  occupancy,  these  recommendations  view  floodplains 
as  a  valuable-  water-re  lated  land  resource.  Through  technical  skill, 
this  resource  can  often  be  safely  used  for  a  variety  of  national  aims, 
hiding  economic  as  well  as  environmental.  Although  safe,  intensive 
use  of  floodplains  wi 1 1  he  geographical ly  limited  by  the  same  sorts 
of  considerations  which  restrict  the  number  of  useful  reservoir  sites, 
optimum  floodplain  occupancy  should  be  viewed  as  a  challenge  to  be 
m  and  not  as  a  condition  to  prohi!  it. 
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costs  needed  to  architectural lv 
o  unusual  costs  would  ’nave  adverse 
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•  onsol i dating  smaller  parcels  of  land  will  have 
e.t.  i  mp  lenient  at  ton  ( .  v.icuat  ion  t.  City  improve- 
at'i-.i  cu:d  nain  in  Place  and  would  p  rob  ah  lv 
In  audition,  permits  : or  new  i 'oodp lain  activi- 
t  ort  ncomi  n.g  frcm.  the  various  reg-''.  atorv  agencies 
: ruct ura 1  planning  process.  Thus, 


-  i . <-  !•  *  >■  .  in  no,  land  deve  lop- 

ment  costs  will  generally  Ih-  much  less  than  alternative  floodplain  develop¬ 
ment  sites.  Phe  reduced  development  costs  will  increase  the  market  value 
o!  these  lands. 


i he  spectrum  of  redevelopment  land  uses  is  so  broad  that  one  simple 
example  cannot  be  expected  to  typify  the  location  benefit  potential.  Eco¬ 
nomic  variables  are  too  numerous  and  quite  site  specific.  However,  in 
terms  ot  land  values  used  in  the  1-acre  hypothetical  flood  damage  reduc¬ 
tion  evacuation  example  (see  pages  50-p7),  certain  ranges  and  expectations 
may  Pi  ort-sumed. 
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Other  agenri  es  and  t  ht  g.:.<  r.i  1  p  ; "  I  i .  u-i  .uld  he  mad.  aw  ire  .it  t 
1  ir.it  at  i  ons  of  :v:ist  ruct  lira  i  ■ !  t  era -it  i  v*-s  and  i.orps  par:  irlp.it  inn 
•  :i  implement  ing  :  ■  "i.  . \cm' .n  :  .  if  i  t i eir.pnus  1 I  ng  nonst ru.  ;  ur  i  !  a 1 1  ern 
t  ive.s  ,  whether  it:  pr.’|<  ’  report  s,  press  re  Vases ,  s:>«-e,  h*  s,  i  -t  her 
media,  should  stress  t  ha*  ,  irr.-t  1  v  i  mp  1  en.n  t  ••  1  nonst  ruct  oral  alterna¬ 
tives  apply  almost  exclusively  to  undeveloped  portions  of  f 1 oodp 1  a  ins . 
These  measures  are  general  !v  aimed  ,,t  reducing  future  growth  of  flood 
damages,  spreading  the  "e-den  >t  loss  more  widely,  or  preventing  loss 
o:  life;  floodplain  or.  i  r.  e ,  '  1  '  Insurance,  and  tlood  warning  sys¬ 
tems  i  an,  respect  i-v  1\ ,  .,c>  r.;  1  is':,  t  :.ese  goals.  None  of  them,  however 
is  ,  fteot  ;  w  it  r,  .  ;  ■  c  .  x:s-  ;  •;  g  damages  from  recurring  f 1 .  ods. 


The  remaining  two  nans met  ura  1  alternatives,  flood  proofing 
and  !'  I  oi.'d.p  1  ai  n.  evacuat  ion,  ire  within  the  dorps  authority  for  reducln 
flood  damages  and  io  r>  d-ioe  existing  damages  wiien  they  .-.an  be  used. 
These  ilternatives  will  rarelv  :e  used  he cause  of  problems  generated 
*'V  current  policies  and  procedures  for  plan  formulation,  limited 
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RECOMMENDATIONS 


1.  ECONOMIC  ANALYSIS 


Re  c  omme  n  d  n  t  i  on 

The  Corps  should  seek  legislation  to  modify  economic  analysis 
to  exclude  certain  costs  from  the  benefit-cost  analysis,  with  par¬ 
ticular  emphasis  on  application  to  nonstructtira!  alternatives. 

Action  Required 


Congress  must  pass  legislation  such  as  the  following: 

"In  the  survey,  p 1  arming,  design,  and  implementation  by  any 
Federal  agency  of  any  project  involving  flood  damage  reduc¬ 
tion  through  non.st  ructural  measures  including,  but  not 
limited  to,  flood  proofing  of  structures,  acquisition  of 
floodplain  lands,  and  relocation,  that  agency  is  authorized 
to  expend  funds  allocable  to  the  activities  authorized  by 

1’ublic  Law  _ _ when  the  project  outputs  identical  to 

s u c : i  activities  would  he,  in  any  case,  an  integral  part  of 
said  flood  damage  reduction  projects." 

2.  DISASTER  RESPONSE  CAPABILITY 


Recommendat Ion 


i he  Corps  should  seek  legislation  to  give  it  the  authority  to 
quick lv  acquire  floodplain  property  after  disastrous  floods. 

Action  Required 

i  ongress  must  pass  legislation  such  as  the  following: 

(1)  Appropriate  public  law(s)  should  be  cited. 
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"That  the  Secretary  of  the  Army  is  hereby  authorized  to 
allot  from  any  appropriations  hereafter  made  for  flood  dam¬ 
age  reduction,  not  to  exceed  $5  million  for  any  one  fiscal 
year,  for  the  purpose  of  acquiring  lands  containing  flood 
damaged  properties  in  counties  part  of  a  presidentially 
declared  disaster  area  for  flood  damage  reduction  and  other 
puhlic  purposes  at  the  discretion  of  the  Chief  of  Engineers." 

3.  CHANGE  IN  PLANNING  CRITERIA 


Re  commendat i on 


Planning  criteria  for  flood  proofing  and/or  evacuation  projects 
should  be  revised  to  emphasize  total  acquisition  of  design  flood- 
plains  using  technical  criteria  to  determine  reuse  potential. 

Action  Required 


OCR  must  revise  ER  1165-2-122. 

optimum  floodplain  use 


Re  c  o mmo  n  d  a  t  i  on 


Hie  Corps  should  seek  legislation  to  give  it  the  authority  to 
optimize  floodplain  use  as  a  project  purpose. 

Act  ion  Required 

Congress  must  pass  legislation  such  as  the  following: 

"In  the  survey,  planning,  design,  and  implementation  by  any 
Federal  agency  of  any  project  involving  flood  damage  reduc¬ 
tion  through  nonstructural  means  including,  but  not  limited  to. 
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flood  proofing  of  structures,  acquisition  of  floodplain 
lands,  and  relocation,  that  agency  is  authorized  to  con¬ 
sider  and  implement  the  highest  and  best  use  of  the  project 
floodplain,  including  economic,  environmental,  recreation, 
and  other  public  purposes." 

5.  AWARENESS  OF  NONSTRUCTURAL  LIMITATIONS 

Rocomraendat ion 


Educate  those  within  and  outside  the  Corps  as  to  the 
characteristics  of  nonstructural  alternatives  and  their  limita¬ 
tions  compared  to  structural  alternatives. 


A c t_i on  Roqui  ret  1 

OCR  must  publicize  information  specifically  relating  to  non- 
strn  ttiral  flood  control  alternatives  through  the  preparation  and 
broad  distribution  of  an  engineering  pamphlet.  OCF  should  also 
sponsor  complementary  seminars  for  planners  and  managers  to  insure 
this  awareness . 
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APPENDIX  A 

OPTIMUM  FLOODPLAIN  USE 

The  following  drawings  depict  sample  structural  types  and 
developments  likely  to  prove  suitable  for  adaptation  to  a  variety 
of  floodplains.  Nearly  all  of  these  scenes  represent  actual  struc¬ 
tures  which  have  been  designed  to  absorb  a  major  cost  of  prudent 
floodplain  occupancy  -  elevating  the  structures  -  and  for  aesthetic  an 
other  reasons  totally  unrelated  to  the  avoidance  of  flood  damages. 

If  such  structures  can  be  built  for  reasons  other  chan  strict  eco¬ 
nomic  utility  in  nonfloodplain  areas,  surely  they  can  be  built  and 
provide  economic  returns  where  flood  conditions  lend  further 
rationality  to  this  type  of  construction.  Cursory  examination  of 
many  architectural  and  civil  engineering  publications  will  reveal 
many  more  examples  of  potentially  suitable  structures  for  floodplain 
occupancy  already  in  existence  at  various  locations. 
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Tkii  itructaral  concept  is  the  only  one  of,  the  five  preAented 
not  known  to  currently  exiAt  in  iome  fo>im.  1 1  Ia  derived  from  the 
arclU-tectural  concept  preAented  in  "Elevated  ReAidential  StructureA" 
(iee  bibliography  under.  U.S.  department  otf  HouAing  and  U-rban 
development) .  1 1  appearA  a uitabte  for  reAidential  uie  in  Amalier 

communities!) . 
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Both  0)5  the&e  &tnuctu,ie&  are  located  in  nonfiloodplain 
areai  in  midiwe&tem  citie&.  The  building  on  the  lef,t  -ts  the 
"Golden  Rondetle" .  it  wa&  built  by  the  John&on  Wax  Company 
^ok  Expo  67  in  Montreal,  kxti&tic  licence  hat>  been  taken 
with  the  vertical  &upporti  which  were  &imilar  but  not  identical 
with  re& pect  to  elevation  above  grade.  The  &  fracture  ha s  been 
moved  to  the  John&on  Wax  corporate  headquarters  in  Racine, 
Wi&con&in,  where  it  ha&  been  anchored  more  firmly  to  earth. 

The  ma&&ive  ofifiice  building  on  the  right  i&  the  cable- 
supported  Federal  Re&erve  Bank  Building  in  downtown  Minneapolis , 
Minnesota.  Structures  o ^  this  &cale  and  de&ign  would  obviou&ly 
be  mat  iuited  {or  construction  in  major  metropolitan  centers. 
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Tl iis  concept  is  placated  to  itluS trate  the  degree  of  techni¬ 
cal  ca\:abilities  readily  available,  and  in  use,  to  build  useful 
s t matures  it:  urban  environment*  even  more  rigorou *  than  con¬ 
struction  in,  sai/,  the  20-year  floodplain.  The  stadium  shown 
atop  the  " bridge "  is  taken  from  one  of  many  such  tight,  domed 
structures  now  appearing  in  numbers  around  the  country. 

The  general  setting  is  taken  from  a  vieio  of  Seattle, 
Washington's  Urbat:  Freeu’ay  Park,  which  is  built  essentially  in 
tJiis  fashion,  spanning  a  major  urban  transportation  corridor. 
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